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(54) Information processing system for holding number of times of record restarting 



(57) A continuity maintaining part (13) restarts re- 
cording of data onto the optical disk after pause of re- 
cording occurring due to buffer under-run, in such a 
manner that continuity with information recorded imme- 
diately before the occurrence of the pause occurred is 
maintained. A counting part (14) counts the number of 
times of operation of the continuity maintaining part dur- 
ing the recording of the information onto the optical disk. 
A display part (4) displays the number of times of oper- 
ation of the continuity maintaining part counted by the 
counting part. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to an information recording system for recording information onto an 
optical disk such as a CD-R/RW, DVD and so forth. 

2. Description of the Related Art 

[0002] Recently, optical disks in write once type, rewriteable type and so forth have been widely used. 
[0003] For example, in an optical disk drive such as a CD-R/RW drive, a CD-R/DVD drive, a CD-RW/DVD drive for 
which information is written onto an optical disk by using a general-purpose computer or the like, the maximum recording 
rate at which writing onto the disk can be performed depends on a personal computer (PC) or the like to be used and 
the environment thereof, and, thereby, cannot be easily determined. 

[0004] A problem of so-called buffer under-run may occur when information is recorded onto such an optical disk. 
This problem occurs when a rate of recording information onto the optical disk through a buffer is higher than a rate 
of transferring (for example, 150 kilobytes/second in a unit rate, and, actually, a rate even times thereof) information 
to the buffer. In such an occasion, there is no information left in the buffer to be recorded onto the optical disk. Thus, 
recording operation is interrupted. Then, after a predetermined amount of information has been transferred to the buffer, 
the recording operation is restarted. 

[0005] In such a case, it is necessary that information which should be recorded first after the recording interruption 
should be recorded precisely subsequently to the information which has been recorded at the last instance immediately 
before the recording interruption. Otherwise, after that, reading of the information from the optical disk cannot be per- 
formed properly. 

[0006] In the Orange Book and so forth, continuity between information recorded before and after recording inter- 
ruption is prescribed. By performing appropriate processing according to the prescription, the above-mentioned prob- 
lem of buffer under-run may be avoided. 

[0007] In order to ensure continuity between information recorded immediately before the recording interruption and 
information to be recorded immediately after the recording restarting, Japanese Laid-Open Patent Applications Nos. 
10-49990 and 2000-40302 disclose methods. A function of ensuring continuity between information recorded imme- 
diately before the recording interruption and information to be recorded immediately after the recording restarting is 
referred to as a buffer under-run free (BURF) function. 

[0008] However, although these methods were used, it has not been possible to completely avoid a reading error 
occurring when information is restored from an optical disk, due to a problem concerning the above-mentioned in 
recording continuity due to buffer under-run problem. 

[0009] In order to know the quality of information recorded onto an optical disk, it is needed to know how many times 
the above-mentioned BURF function is operated while the information is recorded onto the optical disk. 
[0010] As the operation speed of the information recording device is increased, a difference between time required 
for recording at the maximum recording rate and the second maximum recording rate becomes smaller. Accordingly, 
a user may wish to perform recording at the second maximum recording rate if the above-mentioned BURF function 
operates too many times at the maximum recording rate. Further, a user may know a recording rate at which recording 
can be properly performed without many times of operations of the BURF function. However, in the related art, in order 
to know the actual number of times of operations of the BURF function at an any recording rate, it is necessary to 
actuarially perform recording operation, or to perform test write operation many times for trying various recording rates. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide an information processing system by which it can be seen 
whether or not information recorded onto an optical disk is such that the information was recorded on the optical disk 
with occurrence of recording interruption and operation of the BURF function. 

[0012] Another object of the present invention is to enable easy study as to how many times operation of the BURF 
function occurs due to recording interruption for various recording rates. 

[0013] An information recording system, according to the present invention, for recording information onto an optical 
disk, includes: 

a continuity maintaining part which restarts recording of data onto the optical disk after a pause of recording oc- 
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curring due to buffer under-run, in such a manner that continuity with information recorded immediately before the 
occurrence of the pause is maintained; 

a counting part counting the number of times of operation of the continuity maintaining part during the recording 
of the information onto the optical disk; and 
5 a display part displaying the number of times of operation of the continuity maintaining part counted by the counting 

part. 

[0014] The information recording system may further include a recording part which records the number of times of 
operation of the continuity maintaining part counted by the counting part onto the optical disk. 
10 [0015] The information recording system may further include a selecting part for a user to select, at the beginning 
of recording of the information onto the optical disk, as to whether or not the continuity maintaining part operates. 
[001 6] The information recording system may include a terminal device such as a personal computer and an optical 
disk drive which performs recording of information onto the optical disk; wherein: 

*5 the terminal device comprises the display part; and 

the optical disk drive comprises the continuity maintaining part and the counting part. 

[0017] The display part may display a picture for the user to select whether or not the continuity maintaining part 
operates. 

20 [001 8] The user may be able to select whether or not the number of times of operation of the continuity maintaining 
part is recorded onto the opitcal disk. 

[0019] The information recording system may further include a testing part which performs test recording onto the 
optical disk with a reduced power of recording light, before regular recording, and, when buffer under-run occurs during 
the test recording, this matter is displayed. 

25 [0020] The testing part may interrupt the test recording when buffer under-run occurs. 

[0021] A recording medium, according to the present invention, in which a software program is recorded, is such 
that the program causes an information recording system, including a continuity maintaining part which restarts re- 
cording of data onto the optical disk after an interruption of recording occurring due to buffer under-run during the 
recording onto an optical disk, in such a manner that continuity with information recorded immediately before the oc- 

30 currence of the pause is maintained, to perform the steps of: 

a) counting the number of times of operation of the continuity maintaining part; and 

b) displaying the number of times counted in the step a). 

35 [0022] The program may cause the information recording system to further perform the step of: 

c) recording the number of times counted by the step a) onto the optical disk. 

[0023] The recording medium in which a software program is also recorded, such that the program may cause the 
40 information recording system to perform the step of: 

c) selecting as to whether or not the continuity maintaining part is made operate. 

[0024] The program may cause the information recording system to further perform the step of: 

c) displaying a picture for a user to select as to whether or not the continuity maintaining part is made operate. 

[0025] The program may cause the information recording system to further perform the step of: 

so C ) displaying a picture for a user to select as to whether or not the number of times counted in the step a) is recorded 

onto the optical disk. 

[0026] The program may cause the information recording system to further perform the step of: 

55 c) performing test recording onto the optical disk with a reduced power of recording light, before regular recording, 

wherein, when buffer under-run occurs during the test recording, this matter is displayed. 

[0027] The program may cause the information recording system to further perform the step: 
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d) interrupting the test recording when buffer under-run occurs. 

[0028] Thereby, it is possible for a user to know the quality of information recorded onto the optical disk by seeing 
the number of times of restarting by the BURF function performed after a pause caused by buffer under-run. 
5 [0029] An information recording device according to the present invention includes: 

a recording part which records data onto a recording medium at a recording rate selected from a plurality of re- 
cording rates; 

a pausing/restarting part which pauses the receiving based on a predetermined condition occurring during the 
10 recording, and restarts recording in a manner such that continuity with data recorded immediately before the pause 

is maintained; 

a counting part which counts the number of times of pausing/restarting operation of the pausing/restarting part; 
a storing part which stores the number of times counted by the counting part in a manner such that the number of 
times is related to the recording rate used when the pausing/restarting operation is performed. 

15 

[0030] The pausing/restarting part may determine whether or not buffer under-run is likely to occur based on a stored 
amount of data to be recorded onto the recording medium; 

pause the recording when determining that buffer under-run is likely to occur; 
20 determine whether or not the situation of buffer under-run being likely to occur has been got rid of based on the 

stored amount of data to be recorded; and 

restart recording upon determining that the situation of buffer under-run being likely to occur has been got rid of. 

[0031] The storing part may store the number of times of pausing/restarting operation in a manner such that the 
25 number of times of pausing/restarting operation performed upon determination of buffer under-run being likely to occur 
based on the stored amount of data to be recorded is distinguishable from the number of times of pausing/restarting 
operation performed by another reason. 

[0032] The information recording device may further include a setting part by which the recording rates to be used 
and the recording time interval for which recording is performed at each of the recording rates can be set freely. 

30 [0033] The information recording device may further include an outputting part calculating, based on the number of 
times of pausing/restarting operation with respect to the recording rate, a measured time and a theoretical time required 
for the recording, the total recorded data amount, the total number of times of avoiding buffer under-run, average 
number of times of avoiding buffer under-run and the maximum number of avoiding buffer under-run for unit data 
recording amount, for each recording rate, and outputting them. 

35 [0034] The outputting part may further output identification information of a data transfer source which transferred 
the data recorded, and the total data transferred amount for each recording rate. 

[0035] When a plurality of recording rates are selected, a study for a vacant area of a trial writing area of the recording 
medium may be made as to whether or not processing of obtaining an optimum recording rate from the selected plurality 
of recording rates can be performed; and 
40 [0036] when the processing can be performed, the processing may be performed, and, when no optimum recording 
rate could be obtained therefrom, an advise may be output such as to stop the recording, or lower the recording rate. 
[0037] An information recording method according to the present invention includes the steps of: 

a) recording data onto a recording medium at a recording rate selected from a plurality of recording rates; 
45 b) pausing the recording based on a predetermined condition occurring during the recording, and restarts recording 

in a manner such that continuity with data recorded immediately before the pause is maintained; 

c) counting the number of times of pausing/restarting operation in the step b); 

d) storing the number of times counted in the step c) in a manner such that the number of times is related to the 
recording rate used when the pausing/restarting operation is performed. 



50 



[0038] The step b) may include the steps of: 



b1 ) determining whether or not buffer under-run is likely to occur based on a stored amount of data to be recorded 
onto the recording medium; 
55 b2) pausing the recording when determining that buffer under-run is likely to occur; 

b3) determining whether or not the situation of buffer under-run being likely to occur has been got rid of based on 
the stored amount of data to be recorded; and 

b4) restarting recording upon determining that the situation of buffer under-run being likely to occur has been got 
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rid of. 

[0039] The step d) may store the number of times of pausing/restarting operation in a manner such that the number 
of times of pausing/restarting operation performed upon determination of buffer under-run being likely to occur based 
on the stored amount of data to be recorded is distinguishable from the number of times of pausing/restarting operation 
performed by another reason. 

[0040] The information recording method may further include the step e) freely setting the recording rates to be used 
and the recording time interval for which recording is performed at each of the recording rates. 
[0041] The information recording method may further include e) calculating, based on the number of times of pausing/ 
restarting operation with respect to the recording rate, a measured time and a theoretical time required for the recording, 
the total recorded data amount, the total number of times of avoiding buffer under-run, average number of times of 
avoiding buffer under-run and the maximum number of avoiding buffer under-run for unit data recording amount, for 
each recording rate, and outputting them. 

[0042] The step e) may further output identification information of a data transfer source which transferred the data 
recorded, and the total data transferred amount for each recording rate. 

[0043] An information recording system according to the present invention includes a host apparatus and an infor- 
mation recording device connected together for data communication therebetween, wherein: 

the host apparatus comprises: 

a recording and pausing/restarting part which causes the information recording device to record data onto a 
recording medium at a recording rate selected from a plurality of recording rates, pause the recording based 
on a predetermined condition occurring during the recording, and restart recording in a manner such that 
continuity with data recorded immediately before the pause is maintained; 

a counting part which counts the number of times of pausing/restarting operation of the recording and pausing/ 
restarting part; 

a storing part which stores the number of times counted by the counting part in a manner such that the number 
of times is related to the recording rate used when the pausing/restarting operation is performed. 

[0044] A computer readable recording medium, according to the present invention, in which an information recording 
processing program is recorded, is such that the program cases a computer to perform: 

a recording function of recording data onto another recording medium at a recording rate selected from a plurality 
of recording rates; 

a pausing/restarting function of pausing the recording based on a predetermined condition occurring during the 
recording, and restarting recording in a manner such that continuity with data recorded immediately before the 
pause is maintained; 

a counting function of counting the number of times of execution of pausing/restarting operation by the pausing/ 
restarting function; 

a storing function of storing the number of times counted by the counting function in a manner such that the number 
of times is related to the recording rate used when the pausing/restarting operation is performed. 

[0045] Thereby, a user can easily study the number of times of avoiding buffer under-run for each recording rate 
through data recording performed once. 

[0046] An information recording/reproducing system according to the present invention includes: 

a restarting part which restarts recording onto a recording medium after the recording is paused, in a manner such 
that continuity with data recorded immediately before the pause is maintained; 

a number holding part which holds the number of times of execution of the operation performed by the restarting 
part; and 

a reporting part which reports the number of times held by the number holding part at any time. 

[0047] An information recording/reproducing system according to another aspect of the present invention includes: 

a restarting part which restarts recording onto a recording medium after the recording is paused, in a manner such 
that continuity with data recorded immediately before the pause is maintained; 

a number holding part which holds the number of times of execution of the operation performed by the restarting 
part; and 
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a reporting part which reports the number of times held by the number holding part each time a used amount of a 
temporarily storage part which temporarily stores therein data to be recorded onto the recording medium is studied. 

[0048] An information recording/reproducing system according to another aspect of the present invention includes: 

5 

a restarting part which restarts recording onto a recording medium after the recording is paused, in a manner such 
that continuity with data recorded immediately before the pause is maintained; 

a number holding part which holds the number of times of execution of the operation performed by the restarting 
part; and 

10 a reporting part which reports the number of times held by the number holding part when a disorder is detected in 

interval of generation of data writing command during recording onto the recording medium. 

[0049] An information recording/reproducing system according to another aspect of the present invention includes: 

is a restarting part which restarts recording onto a recording medium after the recording is paused, in a manner such 

that continuity with data recorded immediately before the pause is maintained; 

a number holding part which holds the number of times of execution of the operation performed by the restarting 
part; and 

a reporting part which reports the number of times held by the number holding part after a used amount of a 
20 temporarily storage part which temporarily stores therein data to be recorded onto the recording medium becomes 

lower than a predetermined amount. 

[0050] An information recording/reproducing system according to another aspect of the present invention includes: 

25 a restarting part which restarts recording onto a recording medium after the recording is paused, in a manner such 

that continuity with data recorded immediately before the pause is maintained; 

a number holding part which holds the number of times of execution of the operation performed by the restarting 
part; and 

a reporting part which reports the number of times held by the number holding part after a used amount of a 
30 temporarily storage part which temporarily stores therein data to be recorded onto the recording medium becomes 

lower than a predetermined amount, and further, an elapse of a sufficient time interval for performing operation by 
the restarting part and updating the number of times of execution held by the holding part is detected . 
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[0051] An information recording/reproducing method according to the present invention includes the steps of: 

a) restarting recording onto a recording medium after the recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in the step a); and 

c) reporting the number of times held in the step b) at any time. 

[0052] An information recording/reproducing method according to another aspect of the present invention includes 
the steps of: 

a) restating recording onto a recording medium after the recording is paused, in a manner such that continuity with 
45 data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in the step a); and 

c) reporting the number of times held in the step b) each time a used amount of a temporarily storage part which 
temporarily stores therein data to be recorded onto the recording medium is studied. 

so [0053] An information recording/reproducing method according to another aspect of the present invention includes 
the steps of: 

a) restarting recording onto a recording medium after the recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 
55 b) holding the number of times of execution of the operation performed in the step a) ; and 

c) reporting the number of times held in the step b) when a disorder is detected in interval of generation of data 
writing command during recording onto the recording medium. 
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[0054] An information recording/reproducing method according to another aspect of the present invention includes 
the steps of: ... 

a) restarting recording onto a recording medium after the recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in the step a); and 

c) reporting the number of times held in the step b) after a used amount of a temporarily storage part which tem- 
porarily stores therein data to be recorded onto the recording medium becomes lower than a predetermined 
amount. 

[0055] An information recording/reproducing method according to another aspect of the present invention includes 
the steps of: 

a) restarting recording onto a recording medium after the recording is paused, in a manner such that continuity 
15 with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in the step a); and 

c) reporting the number of times held in the step b) after a used amount of a temporarily storage part which tem- 
porarily stores therein data to be recorded onto the recording medium becomes lower than a predetermined 
amount, and further, an elapse of a sufficient time interval for performing operation by the restarting part and 

20 updating the number of times of execution held by the holding part is detected . 

[0056] A computer readable recording medium according to the present invention in which a software program is 
recorded is such that the program causes a computer to perform: 

25 a restarting function of restarting recording onto another recording medium after the recording is paused, in a 

manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding function of holding the number of times of execution of the restarting function; and 
a reporting function of reporting the number of times held by execution of the number holding function at any time. 

30 [0057] A computer readable recording medium according to another aspect of the present invention in which a soft- 
ware program is recorded is such that the program causes a computer to perform: 

a restarting function of restarting recording onto another recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
35 a number holding function of holding the number of times of execution of the restarting function; and 

a reporting function of reporting the number of times held by execution of the number holding function each time 
a used amount of a temporarily storage part which temporarily stores therein data to be recorded onto the other 
recording medium is studied. 

40 [0058] A computer readable recording medium according to another aspect of the present invention in which a soft- 
ware program is recorded is such that the program causes a computer to perform: 

a restarting function of restarting recording onto another recording medium after the recording is paused, in a 

manner such that continuity with data recorded immediately before the pause is maintained; 

a number holding function of holding the number of times of execution of the restarting function; and 

a reporting function of reporting the number of times held by execution of the number holding function when a 

disorder is detected in interval of generation of data writing command during recording onto the other recording 

medium. 

so [0059] A computer readable recording medium according to another aspect of the present invention in which a soft- 
ware program is recorded is such that the program causes a computer to perform: 

a restarting function of restarting recording onto another recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
55 a number holding function of holding the number of times of execution of the restarting function; and 

a reporting function of reporting the number of times held by execution of the number holding function after a used 
amount of a temporarily storage part which temporarily stores therein data to be recorded onto the other recording 
medium becomes lower than a predetermined amount. 
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[0060] A computer readable recording medium according to another aspect of the present invention in which a soft- 
ware program is recorded is such that the program causes a computer to perform: 

a restarting function of restarting recording onto another recording medium after the recording is paused, in a 
5 manner such that continuity with data recorded immediately before the pause is maintained; 

a number holding function of holding the number of times of execution of the restarting function; and 
a reporting function of reporting the number of times held by execution of the number holding function after a used 
amount of a temporarily storage part which temporarily stores therein data to be recorded onto the other recording 
medium becomes lower than a predetermined amount, and further, an elapse of a sufficient time interval for per- 
10 forming operation by the restarting part and updating the number of times of execution held by the holding part is 

detected . 

[0061] Other objects and further features of the present invention will become more apparent from the following 
detailed description when read in conjunction with the accompanying drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0062] 

20 FIG. 1 shows a configuration diagram of a first embodiment of the present invention; 

FIGS. 2 and 3 show an operation flow chart of the first embodiment shown in FIG. 1 ; 

FIGS. 4 and 5 show examples of display according to the first embodiment shown in FIG. 1 ; 

FIG. 6 shows a configuration diagram of a second embodiment of the present invention; 

FIGS. 7 and 8 show an operation flow chart of the second embodiment shown in FIG. 6; 
25 FIGS. 9, 10 and 11 show examples of display according to the second embodiment shown in FIG. 6; 

FIG. 1 2 shows a block diagram of an information recording device in a third embodiment of the present invention; 

FIG. 1 3 shows a block diagram of an information recording system in a fourth embodiment of the present invention ; 

FIGS. 14, 15, 16 and 17 show operation flow charts of each of the third and fourth embodiments shown in FIGS. 

12 and 13; 

30 FIG. 18 shows a block diagram of a CD-R/RW recording/reproducing system common in fifth through ninth em- 

bodiments of the present invention; 

FIG. 19 shows an operation flow chart of data recording processing performed by the CD-R/RW recording/repro- 
ducing system in the fifth embodiment of the present invention; 

FIG. 20 shows one example of an operation picture displayed by the CD-R/RW recording/reproducing system 
35 shown in FIG. 18 for a user to input as to whether or not BURF function is used; 

FIG. 21 shows one example of a picture displayed by the CD-R/RW recording/reproducing system shown in FIG. 
18 reporting the number of times of execution of the BURF function; and 

FIG. 22 shows an operation flow chart of data recording processing performed by the CD-R/RW recording/repro- 
ducing system in the sixth embodiment of the present invention. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0063] A first embodiment of the present invention will now be described with reference to FIGS. 1 through 3. 
[0064] FIG. 1 shows a configuration of the first embodiment, FIGS. 2 and 3 show an operation flow chart of the first 
45 embodiment. 

[0065] As shown in FIG. 1 , an information recording system in the first embodiment includes a personal computer 
A and an optical disk drive B which performs recording/reproducing of information on an optical disk C. 
[0066] The personal computer A includes a record starting part 1 , a record ending part 2, a data recording part 3, a 
display part 4, an input part 5, a control part 6, interfaces (I/O) 7, 8, and a processor (CPU) 9 which actually performs 
so various processing. 

[0067] The optical disk drive B includes a buffer part 11, a recording part 12, a continuity maintaining part 13, a 
counting part 14, a control part 15, an interface (I/O) 16, and a processor (CPU) 17. 
[0068] In the data recording part 3, information to be recorded onto the optical disk C is recorded. 
[0069] The recording part 12 records the information onto the optical disk C. 
55 [0070] To the buffer part 1 1 , the information read out from the data recording part 3 is transferred, and, is temporarily 
recorded therein before being recorded onto the optical disk C. 

[0071 ] The continuity maintaining part 1 3 ensures continuity of recorded information at a time of recording interruption 
by a method according to the prior art as disclosed by the above-mentioned Japanese Laid-Open Patent Application 
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No. 10-49990 or 2000-40302, for example. 

[0072] Other than this well-known operation, the information recording system shown in FIG. 1 operates as will now 
be described with reference to FIGS. 2 and 3. 

[0073] In a step S1 , the record starting part 1 performs display shown in FIG. 4 on the display part 4, for example. 
5 Thus, an operator is caused to select whether or not the function (BURF function) of the continuity maintaining part 13 
is used. 

[0074] In a step S2, when the operator selects NO on the display shown in FIG. 4 through the input part 5, normal 
recording of information onto the optical disk C is started. 

[0075] In the step S2, when the operator selects YES on the display shown in FIG. 4 through the input part 5, the 
10 record starting part 1 gives instructions to the control part 1 5 of the optical disk drive B such as to cause the continuity 
maintaining part 13 to perform the above-mentioned continuity maintaining function (BURF function). 
[0076] Thereby, the control part 1 5 then causes the continuity maintaining part 1 3 to operate so as to restart recording 
onto the optical disk C when buffer under-run occurs during recording the information from the buffer part 11 onto the 
optical disk C. 

*5 [0077] In a step S4, when the operator gives the personal computer A instructions of starting recording operation 
through the input part 5, the recording operation onto the optical disk C is started. 

[0078] In a step S5, the control part 6 reads out the information from the data recording part 3, transmits it through 
the I/O 8, and the control part 1 1 temporarily stores the information transferred through the I/O 1 6 into the buffer part 1 1 . 
[0079] The information temporarily stored in the buffer part 11 is read by the recording part 12 sequentially, and is 
20 recorded onto the optical disk C. 

[0080] In a step S6, the control part 15 monitors as to whether or not buffer under-run occurs for information read 
out from the buffer part 11 . When no buffer under-run occurs, a step S9 is then performed. 

[0081] When buffer under-run occurs, the continuity maintaining part 13 starts operation, in a step S7, and, thus, 
ensures continuity of information recording onto the optical disk C upon recording interruption due to the buffer under- 
25 run. 

[0082] In a step S8, the counting part 1 4 increments a count value thereof by one each time the continuity maintaining 
part 13 thus operates. 

[0083] In the step S9, it is determined whether or not all the information recorded in the data recording part 3 has 

been recorded onto the optical disk C. When the determination result is NO, the steps S5 through S9 are repeated 
30 until the determination result in the step S9 becomes YES. 

[0084] When the determination result of the step S9 is YES, the record ending part 2 gives instructions to the counting 

part 14 through the I/O 8 of requesting the counting part 14 to output the count value thereof, in a step S10. 

[0085] In response thereto, the counting part 14 returns the count value to the record ending part 2, in a step S11 . 

[0086] In a step S12, the record ending part 2 displays the thus-obtained count value on the display part 4 as shown 
35 in FIG. 5, for example. Specifically, in this example, as shown in FIG. 5, a display as to whether or not the count value 

(number of times of recovery) is to be recorded onto the optical disk C is provided, in a step S13. In a step S14, the 

operator is caused to select YES or NO of the display shown in FIG. 5. 

[0087] When the operator selects NO in the step S14, the current processing- is finished. 

[0088] When the operator selects YES in the step S14, the record ending part 2 gives instructions to the control part 
40 15 of recording the count value (number of times of recovery) onto the optical disk C, in a step S15. 

[0089] In a step S16, after having the instructions of recording the count value transferred thereto, the control part 
15 reads out the count value from the counting part 14, and transfers it to the recording part 12. The recording part 12 
then records the thus-transferred count value (number of times of recovery) onto the optical disk C, and the current 
processing is finished. 

45 [0090] Thus, the number of times the continuity maintaining part 13 operated is displayed, and, also, is recorded 
onto the optical disk C. Thereby, the operator who is in charge of in recording information onto an optical disk, and, 
also, an operator who is in charge of reproducing the information from the optical disk can know the quality of the 
information recorded on the optical disk. For example, it can be seen that, as the recorded and/or displayed number 
of times is smaller, the quality of the recorded information is higher. 

so [0091] With reference FIGS. 6 : 7 and 8, a second embodiment of the present invention will now be described. 

[0092] FIG. 6 shows a block configuration of the second embodiment, FIGS. 7 and 8 show an operation flow chart 
of the second embodiment. 

[0093] As shown in FIG. 6, the second embodiment is different from the above-described first embodiment in that a 
test recording part 10 is added to the personal computer A in the second embodiment. No other difference exists 
55 therebetween in configuration. 

[0094] Operation of the second embodiment will now be described with reference to FIGS. 7 and B. 

[0095] A step S20 shown in FIG. 7 is performed subsequently to the step S3 shown in FIG. 2 described in the 

description of the first embodiment. 
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[0096] In the step S20, the test recording part 10 causes the display part 4 to display whether or not test recording 
is performed, as shown in FIG. 9. Then, an operator selects and presses by mouse click an Yes or No button on the 
display. 

[0097] In a step S21, when the operator selects No button through the input part 5, the step S4 shown in FIG. 2 
described in the description of the first embodiment is performed. Thus, the process starting from the step S4 is per- 
formed, 

[0098] In the step S21 , when the operator selects Yes button, a step S22 is performed. Then, the test recording part 
1 0 gives instructions to the recording part 1 2 to cause it to perform test recording. 

[0099] When the recording part 12 receives the test recording instructions, it performs recording operation on the 
optical disk C by a low light irradiation power as in reproducing operation. Accordingly, no information is actually re- 
corded onto the optical disk C. 

[0100] In a step S23, when the operator inputs instructions of record starting through the input part 5, the processing 
same as that described in the description of the step S5 of the first embodiment shown in FIG. 2 is performed in a step 
S24. Thereby, test recording is performed onto the optical disk C. 
*5 [0101] In a step S25, the control part 6 monitors as to whether or not buffer under-run occurs. When no buffer under- 
run has occurred, it is determined in a step S26 whether or not the test recording has been finished. When the test 
recording has not been finished, the steps S24 through S26 are repeated. 

[0102] When It is determined in the step S26 that the test recording has been finished, a step S32 is performed. 
[0103] When buffer under-run has occurred in the step S25, a step S27 is performed, the control part 5 interrupts 
20 the test recording, and sends information of the occurrence of buffer under-run to the recording part 10. 

[0104] In a step S29, upon receiving the information of the buffer under-run occurrence, the test recording part 10 
causes the display part 4 to display the buffer under-run occurrence, as shown in FIG. 1 0, for example, and, then, in 
a step S30 : the operator selects Yes or No button on the display as to whether or not regular recording is to be then 
performed. 

25 [01 05] In a step S31 , when the operator inputs No through the input part, the current processing is finished. However, 
when the operator inputs Yes, the step S4 of the first embodiment shown in FIG. 2 is performed, and, thus, the process- 
ing starting from the step S4 is then performed. 

[0106] When it is determined in the step S26 that the test recording has been finished, a step S32 is performed, and, 
the test recording part 1 0 causes the display part 4 to display that no under-run has occurred, as shown in FIG. 1 1 , for 
30 example, and, then, in a step S33, the operator selects whether or not the regular recording is to be performed. 

[0107] When the operator inputs No in a step S34, the current processing is finished. However, when Yes is inputted, 
the processing starting from the step S4 shown in FIG. 2 is performed. 

[0108] Thus, as a result of test recording being performed, it is possible that an operator can know whether or not 
buffer under-run occurs before performing regular recording. 
35 [0109] FIG. 12 shows a block diagram of an information recording device in a third embodiment of the present in- 
vention. 

[0110] This information recording device is an optical disk drive such as a CD-R/RW drive or the like, and includes 
a functional part (the same as that of an ordinary optical disk drive, and, thus, is omitted from indication), and respective 
parts 101 through 107 shown in FIG. 12 which are achieved by a microcomputer including a CPU, a ROM, a RAM, 
40 and so forth. 

[0111] The data recording part 101 sets one of a plurality of data recording rates for recording onto a recording 
medium such as a CD-R/RW, and performs processing of recording data onto the recording medium at the thus-set 
recording rate. 

[0112] The data recording temporarily interrupting/restarting part 1 02 performs processing of temporarily interrupting 
data recording operation performed on the recording medium, based on a predetermined condition occurring during 
the data recording, and, then, restarting the data recording from the point at which the temporarily interruption occurred 
in a manner such that continuity of the data is maintained. 

[0113] Further, the data recording temporarily interrupting/restarting part 102 performs processing of determining 
whether or not buffer under-run is likely to occur based on a temporary storage amount of data to be recorded onto 

so the recording medium during data recording operation, and, upon determining that buffer under-run is likely to occur, 
temporarily interrupting the recording operation. Then, during the temporarily interruption state, the data recording 
temporarily interrupting/restarting part 102 performs processing of determining, based on the temporary storage 
amount of data to be recorded onto the recording medium, whether or not the situation in which buffer under-run is 
likely to occur has been got rid of, and, upon determining that the situation in which buffer under-run is likely to occur 

55 has been got rid of, restarting the data recording from the point at which the temporarily interruption occurred in a 
manner such that continuity of the data is maintained there. 

[01 14] Further, the data recording temporarily interrupting/restarting part 2 performs processing of temporarily inter- 
rupting recording operation upon receiving temporarily interrupting instructions given externally, and, then, upon re- 
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ceiving restarting instructions given externally, restarting the data recording from the point at which the temporarily 
interruption occurred in a manner such that continuity of the data is maintained there. 

[0115] Further, the data recording temporarily interrupting/restarting part 102 performs processing of temporarily 
interrupting recording operation when the recording rate is altered, and, after the recording rate has been altered, 
5 restarting the data recording from the point at which the temporarily interruption occurred in a manner, such that con- 
tinuity of the data is maintained there. 

[0116] The data recording part 101 and information outputting part 107 perform processing of studying, when a 
plurality of recording rates are selected : a vacant area of a trial writing area of the recording medium so as to determine 
whether or not processing of obtaining the optimum recording rate from the selected recording rates can be performed 
10 by using the trial writing area. Then, upon determining that processing of obtaining the optimum recording rate from 
the selected recording rates cannot be performed by using the trial writing area, the data recording part 1 01 and infor- 
mation outputting part 1 07 perform processing of outputting an advise to an operator to set a reduced number of 
recording rates. 

[01 1 7] However, when processing of obtaining the optimum recording rate from the selected recording rates by using 
the trial writing area can be performed, this processing is performed. Then, when no optimum recording rate could be 
obtained through the above-mentioned processing from the selected recording rates, the data recording part 101 and 
information outputting part 107 perform processing of outputting an advise to the operator to stop data recording or to 
set a lowered recording rate(s) so as to prevent the relevant data recording from being started. 
[0118] The temporarily interrupting/restarting time counting part 103 performs counting the number of times of tem- 
porarily interrupting/restarting operations performed by the data recording temporarily interrupting/restarting part 1 02 
during data recording operation. 

[0119] The temporarily interrupting/restarting time storing part 104 performs processing of storing the number of 
times of temporarily interrupting/restarting operations counted by the temporarily interrupting/restarting time counting 
part 103 in a manner such that the stored number of times of interrupting/restarting operations is made to be related 
to the recording rate at the time the interrupting/restarting operations occurred. 
[0120] Further, the temporarily interrupting/restarting time storing part 104 has functions of storing the number of 
times of interrupting/restarting operations in a manner of distinguishing from each other cases where data recording 
was temporarily interrupted upon determination that buffer under-run was likely to occur, and was restarted upon de- 
termination that the situation in which buffer under-run was likely to occur had been got rid of, cases where data 
30 recording was temporarily interrupted upon temporarily interruption instructions given externally, and was restarted 
upon restarting instructions given externally, and cases where data recording was temporarily interrupted when the 
recording rate was altered, and was restarted after the recording rate was altered. 

[0121] The temporarily interrupting/restarting time output part 1 05 performs processing of outputting the number of 
times of interrupting/restarting operations for each recording rate stored in the temporarily interrupting/restarting time 

35 storing part 104 during data recording onto the recording medium or after the data recording. 

[0122] Further, based on the number of times of interrupting/restarting operations for each recording rate, the tem- 
porarily interrupting/restarting time output part 105 calculates an actually measured time required for data recording 
for each recording rate until then, a theoretical time thereof, the total data recording amount, and the total number of 
times of buffer under-run recoveries, the average number of times of buffer under-run recoveries for unit recording 

40 amount, and the maximum number of times of buffer under-run recoveries for unit recording amount. Then, the thus- 
calculated values are output at a time the data recording is finished, or when selection is made for the recording rate 
for the subsequent data recording. 

[0123] The temporarily interrupting/restarting number outputting circuit 1 05 further performs processing of outputting, 
for each recording rate, identification information of a transfer-source device of the data recorded, and total transferred 
45 data amount. 

[0124] The recording rate/recording time setting part 106 performs processing for optionally selecting and setting a 
recording rate and a recording time of data recording at the recording rate. 

[0125] FIG. 13 shows a block diagram of an information recording system in a fourth embodiment of the present 
invention. 

so [0126] This information recording system includes a host apparatus (host computer) 110 such as a personal com- 
puter, and an information recording device 120 which is an optical disk drive such as a CD-R/RW drive or the like. The 
host apparatus 110 and information recording device 120 are connected with one another through a interface such as 
an ATAPI, SCSI or the like, such that data communication therebetween can be performed therethrough. 
[01 27] The host apparatus 11 0 includes a functional part (belonging to the well-known art, and, thus, indication thereof 

55 being omitted) of an ordinary host computer, and respective parts 111 through 116 which are embodied by a micro- 
computer including a CPU, a ROM, a RAM and so forth. 

[0128] The information recording device 120 includes a functional part (belonging to the well-known art, and, thus, 
indication thereof being omitted) of an ordinary optical disk drive which can be embodied by a microcomputer including 
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a CPU, a ROM, a RAM and so forth. 

[0129] The data recording temporarily interrupting/restarting part 111 performs processing of setting, to the informa- 
tion recording device 1 20, a recording rate in data recording onto a recording medium such as a CD-R/RW or the like, 
causing data to be recorded onto the recording medium at the set recording rate, temporarily interrupting the data 
recording operation performed on the recording medium, based on a predetermined condition occurring during the 
data recording, and, then, restarting the data recording from the point at which the temporarily interruption occurred 
in a manner such that continuity of the data is maintained. 

[0130] Further, the data recording temporarily interrupting/restarting part 111 performs processing of determining 
whether or not buffer under-run is likely to occur based on a temporary storage amount of data to be recorded onto 
the recording medium during data recording operation, and, upon determining that buffer under-run is likely to occur, 
temporarily interrupting the recording operation. Then, during the temporarily interruption state, the data recording 
temporarily interrupting/restarting part 111 performs processing of determining, based on the temporary storage amount 
of data to be recorded onto the recording medium, whether or not the situation in which buffer under-run is likely to 
occur has been got rid of, and, upon determining that the situation in which buffer under-run is likely to occur has been 
got rid of, restarting the data recording from the point at which the temporarily interruption occurred in a manner such 
that continuity of the data is maintained there. 

[0131] Further, the data recording temporarily interrupting/restarting part 111 performs processing of temporarily 
interrupting recording operation upon receiving temporarily interrupting instructions given externally., and, then, upon 
receiving restarting instructions given externally, restarting the data recording from the point at which the temporarily 
interruption occurred in a manner such that continuity of the data is maintained there. 

[0132] Further, the data recording temporarily interrupting/restarting part 111 performs processing of temporarily 
interrupting recording operation when the recording rate is altered, and, after the recording rate has been altered, 
restarting the data recording from the point at which the temporarily interruption occurred in a manner such that con- 
tinuity of the data is maintained there. 

[0133] The data recording temporarily interrupting/restarting part 111 and information outputting part 116 perform 
processing of studying, when a plurality of recording rates are selected, a vacant area of a trial writing area of the 
recording medium so as to determine whether or not processing of obtaining the optimum recording rate from the 
selected recording rates can be performed by using the trial writing area. Then, upon determining that processing of 
obtaining the optimum recording rate from the selected recording rates cannot be performed by using the trial writing 
area due to shortage of the vacant area, the data recording temporarily interrupting/restarting part 111 and information 
outputting part 116 perform processing of outputting an advise to an operator to sets a reduced number of recording 
rates. 

[0134] On the other hand, when processing of obtaining the optimum recording rate from the selected recording 
rates can be performed by using the trial writing area, this processing is performed. Then, however, no optimum re- 
cording rate could be obtained through the above-mentioned processing from the selected recording rates, the data 
recording temporarily interrupting/restarting part 111 and information outputting part 116 perform processing of output- 
ting an advise to the operator to stop data recording or to set a lowered recording rate(s) so as to prevent the relevant 
data recording from being started. 

[0135] The temporarily interrupting/restarting time counting part 112 performs counting times of temporarily inter- 
rupting/restarting operations performed by the data recording temporarily interrupting/restarting part 111 during data 
recording operation. 

[0136] The temporarily interrupting/restarting time storing part 113 performs processing of storing the number of 
times of temporarily interrupting/restarting operations counted by the temporarily interrupting/restarting time counting 
part 112 in a manner such that the stored number of times of interrupting/restarting operations is made to be related 
to the recording rate at the time the interrupting/restarting operations occurred. 

[0137] Further, the temporarily interrupting/restarting time storing part 113 has functions of storing the number of 
times of interrupting/restarting operations in a manner of distinguishing from each other cases where data recording 
was temporarily interrupted upon determination that buffer under-run was likely to occur, and was restarted upon de- 
termination that the situation in which under-run was likely to occur had been got rid of, cases where data recording 
was temporarily interrupted upon temporarily interruption instructions given externally, and was restarted upon restart- 
ing instructions given externally, and cases where data recording was temporarily interrupted when the recording rate 
was altered, and was restarted after the recording rate was altered. 

[0138] The temporarily interrupting/restarting time outputting part 114 performs processing of outputting the number 
of times of interrupting/restarting operations for each recording rate stored in the temporarily interrupting/restarting 
time storing part 113 during data recording onto the recording medium or after the data recording. 
[01 39] Further, based on the stored number of times of interrupting/restarting operations for each recording rate, the 
temporarily interrupting/restarting time outputting part 114 calculates an actually measured time required for data re- 
cording for each recording rate until then, a theoretical time thereof, the total data recording amount, and the total 
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number of times of buffer under-run recoveries, the average number of times of buffer under-run recoveries for each 
recording amount unit, and the maximum number of times of buffer under-run recoveries for each recording amount 
unit. Then, the thus-calculated values are output at a time the data recording is finished, or when selection is made for 
the recording rate for the subsequent data recording. 
5 [01 40] The temporarily interrupting/restarting number outputting circuit 1 1 4 further performs processing of outputting, 
for each recording rate, identification information of a transfer-source device of the transferred data, and the total thus- 
transferred amount. 

[0141] The recording rate/recording time setting part 115 performs processing for optionally selecting and setting a 
recording rate and a recording time of data recording at the recording rate. 
w [0142] In the above-described fourth embodiment, the above-described functions of the respective parts 111 through 
116 are performed by the host apparatus 110 as a result of an information recording processing program recorded on 
a recording medium for performing the following functions being installed into the host apparatus 110: 

Setting, to the information recording device 120, a recording rate in data recording onto a recording medium such 
15 as a CD-R/RW or the like, causing data to be recorded onto the recording medium at the set recording rate, 

temporarily interrupting the data recording operation performed on the recording medium, based on a predeter- 
mined condition occurring during the data recording, and, then , restarting the data recording from the point at which 
the temporarily interruption occurred in a manner such that continuity of the data is maintained; 
Counting the number of times of temporarily interrupting/restarting operations performed by the data recording 
20 temporarily interrupting/restarting part -111 during data recording operation; 

Storing the numberof times of temporarily interrupting/restarting operations counted by the temporarily interrupting/ 
restarting time counting part 1 12 in a manner such that the stored number of times of interrupting/restarting oper- 
ations is made to be related to the recording rate at the time the interrupting/restarting operations occurred; and 
Outputting the number of times of interrupting/restarting operations for each recording rate stored in the temporarily 
25 interrupting/restarting time storing part 113 during data recording onto the recording medium or after the data 

recording. 

[0143] Further, the above-mentioned function of data recording temporarily interrupting/restarting function may in- 
clude functions of determining whether or not buffer under-run is likely to occur based on a temporary storage amount 

30 of data to be recorded onto the recording medium during data recording operation, and, upon determining that buffer 
under-run is likely to occur, temporarily interrupting the recording operation; then, during the temporarily interruption 
state, determining, based on the temporary storage amount of data to be recorded onto the recording medium, whether 
or not the situation in which buffer under-run is likely to occur has been got rid of, and, upon determining that the 
situation in which buffer under-run is likely to occur has been got rid of, restarting the data recording from the point at 

35 which the temporarily interruption occurred in a manner such that continuity of the data is maintained there; 

further, temporarily interrupting recording operation upon receiving temporarily interrupting instructions given 
externally, and, then, upon receiving restarting instructions given externally, restarting the data recording from the point 
at which the temporarily interruption occurred in a manner such that continuity of the data is maintained there; further, 
temporarily interrupting recording operation when the recording rate is altered, and, after the recording rate has been 

40 altered, restarting the data recording from the point at which the temporarily interruption occurred in a manner such 
that continuity of the data is maintained there. 

[0144] The above-mentioned temporarily interrupting/restarting number storing function may include functions of 
storing the number of times of interrupting/restarting operations in a manner of distinguishing from each other cases 
where data recording was temporarily interrupted upon determination that under-run was likely to occur, and was 
45 restarted upon determination that the situation in which under-run was likely to occur had been got rid of, cases where 
data recording was temporarily interrupted upon temporarily interruption instructions given externally, and was restarted 
upon restarting instructions given externally, and cases where data recording was temporarily interrupted when the 
recording rate was altered, and was restarted after the recording rate was altered. 

[0145] The above-mentioned information recording processing program may include instructions for optionally se- 
50 lecting and setting a recording rate and a recording time of data recording at the recording rate. 

[0146] The above-mentioned information recording processing program may include instructions for performing cal- 
culation of an actually measured time required for data recording for each recording rate until then, a theoretical time 
thereof, the total data recording amount, and the total number of times of under-run recoveries, average number of 
times of buffer under-run recoveries for unit recording amount, and the maximum number of times of buffer under-run 
55 recoveries for unit recording amount; then, outputting the thus-calculated values at a time the data recording is finished, 
or when selection is made for the recording rate for the subsequent data recording. 

[0147] The above-mentioned information recording processing program may include instructions for outputting, for 
each recording rate, identification information of a transfer-source device of the transferred data and total thus-trans- 
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ferred amount; further, studying, when a plurality of recording rates are selected, a vacant area of a trial writing area 
of the recording medium so as to determine whether or not processing of obtaining the optimum recording rate from 
the selected recording rates can be performed by using the trial writing area; then, upon determining that processing 
of obtaining the optimum recording rate from the selected recording rates cannot be performed by using the trial writing 

5 area, outputting an advise to an operator to set a reduced number of recording rates; further, when processing of 
obtaining the optimum recording rate from the selected recording rates can be performed by using the trial writing area, 
performing the processing of obtaining the optimum recording rate from the respective selected recording rates; then , 
however, when no optimum recording rate could be obtained through the above-mentioned processing from the se- 
lected recording rates, outputting an advise to the operator to stop data recording or to set a lowered recording rate 

10 (s) so as to prevent the relevant data recording from being started. 

[0148] In each of the above-described information recording apparatus and information recording system in the third 
and fourth embodiments, when a writer software for executing the above-mentioned respective functions is operated, 
and a user gives instructions of performing recording processing on the writer software, the following operations are 
performed: When the information recording device supports two recording rates, i.e., a basic rate and a double rate, 

is for example, data recording is performed on a recording medium at each of both recording rates. Then, based on a 
predetermined condition occurring during the data recording, the data recording onto the recording medium is tempo- 
rarily interrupted (simply referred to as *is paused', hereinafter), and, then, the data recording is restarted at the position 
at which the data recording was paused in a manner such that continuity of data there is maintained. 
[0149] At this occasion, the number of times of such pausing/restarting operations is counted, is stored for each 

20 recording rate, and then, the thus-stored number of times of pausing/restarting operations for each recording rate, and/ 
or various types of information based on the number of times of pausing/restarting operations (simply referred to as 
pausing/restarting number 1 , hereinafter) for each recording rate are displayed, printed and/or outputted externally. 
[0150] The above-mentioned pausing/restarting number is a number of times of interrupting data recording and re- 
starting the data recording so as to avoid occurrence of buffer under-run. Accordingly, the pausing/restarting number 

25 means the number of times of avoiding buffer under-run. 

[0151] In the above-described configuration, it is easy for a user to know the number of times of avoiding problem 
of buffer under- run for each recording rate. 

[0152] FIG. 14 shows an operation flow chart of information recording processing of each of the information recording 
device and information recording system in the third and fourth embodiments. 

30 [0153] In this case, for simplification of description, it is assumed that the information recording device supports 
writing at the basic rate and~double rate, and the total data amount to be written is 1 00 MB at date recording. 
[01 54] A data amount to be recorded for each recording rate is obtained from calculation (total data amount)/(number 
of supported recording rates). Accordingly, in this case, the total data amount is 1 00 MB, and the number of supported 
recording rates (basic rate and double rate) is two. Thus, 50 MB is recorded at the basic rate, and, then, the other 50 

35 MB is recorded at the double rate. 

[0155] First, upon receiving instructions from a user of starting data recording, the recording rate of the information 
recording device is set to the basic rate in a step S1 01 , and, then, the data amount to be recorded at each recording 
rate is calculated. In a step S102, data recording is started. During the data recording, the writer software always 
monitors the data amount stored in a buffer memory (not shown in the figures) in the information recording device, 

40 and, when the data amount of the buffer memory becomes smaller than a predetermined value, the data recording is 
temporarily interrupted (paused), data transfer to the buffer memory is continued during the pause, and, then, the data 
recording is restarted when the buffer memory becomes full. 

[0156] In a step S103, it is determined whether or not pause and restart has occurred. When no pause and restart 
has occurred, a step S104 is performed. When pause and restart has occurred, the pausing/restarting number for the 
45 current recording rate is incremented by one, is stored in a manner such that the thus-stored pausing/restarting number 
is related to the current recording rate, and, then, the step S1 04 is performed. 

[01 57] In the step S1 04, it is determined whether or not the data amount to be recorded in the current recording rate 
has been completely recorded. When the it has not been completely recorded yet, the step S103 is performed again, 
and, it is determined that the data amount to be recorded in the current recording rate has been completely recorded, 
when the written data has reached 50 MB. Then, the data recording is paused, and, in a step S105, it is determined 
whether or not all the data has been recorded. When it has not been recorded yet, the recording rate is altered upward 
by one step, into the double rate in this case, in a step S1 06, and, then, the step S1 02 is performed. Thus, data recording 
is restarted at this rate. 

[0158] Then, similarly to the above-described processing, the pausing/restarting number is counted for the data 
55 recording at the double rate. With regard to storage of the pausing/restarting number, the pausing/restarting numbers 
for the writing at the basic rate and double rate are stored in a distinguishable manner between the different recording 
rates. 

[0159] When all the data has been recorded in the step S105, the pausing/restarting numbers for the respective 
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recording rates are displayed on a display device (not shown in the figure) of the information recording device or host 
apparatus as the numbers of times of avoiding buffer under-run in a step S1 08, by a list as shown below, for example, 
and, the current processing is finished. 



recording rate 


number of times of avoiding buffer under-run 


recording amount 


basic rate 


1 


50 MB 


double rate 


5 


50 MB 



[0160] It is also possible that the pausing/restarting numbers are displayed during data writing, during pause and 
restart, and/or during selection of recording rate for subsequent writing. Further, it is also possible to alter the recording 
rate from the double rate into the basic rate, instead of alteration from the basic rate into the double rate as mentioned 
above. 

[0161] Thus, the number of times of avoiding buffer under-run for each recording rate can be seen by performing 
actual data recording without performing test writing or simulation before the data recording. Accordingly, it is possible 
for a user to easily know a recording rate which is an upper limit at which no buffer under-run occurs under environment 
which the user uses. 

[0162] Furthermore, as the number of times of avoiding buffer under-run for each recording rate is obtained through 
actual recording without performing test writing, no extra time is required other than the data writing, and, thereby, it 
is possible to perform the data recording efficiently. 

[0163] Further, the list of recording results, as shown above in table, is convenient for a user who previously deter- 
mines the upper limit of the pausing/restarting number, as 1 00 times, for example. Thereby, the user can easily select 
a suitable recording rate for subsequent data recording at which the pausing/restarting number should be smaller. 
[0164] In the above- described recording processing, the pausing/restarting number for each recording rate includes 
the number of times of pausing/restarting which has been performed voluntarily by a user, and the number of times of 
pausing/restarting performed when the recording rate is altered. However, this pausing/restarting is differentfrom paus- 
ing/restarting performed for avoiding buffer under-run. Accordingly, it is necessary to handle pausing/restarting per- 
formed for avoiding buffer under-run and pausing/restarting performed for the other purposes in a distinguished manner. 
[0165] FIG. 15 shows an operation flow chart illustrating this processing performed in each of the above-mentioned 
30 third and fourth embodiments. 

[0166] The processing shown in FIG. 15 is approximately the same as that shown in FIG. 14. However, processing 
of counting a pausing/restarting number and processing of displaying a number of avoiding buffer under-run are different 
from those described above. 

[0167] Upon receiving instructions to start recording from a user, the recording rate of the information recording 
device is set to the basic rate in a step S111 , and the data amount to be recorded for each recording rate is calculated. 
In a step S1 1 2, data recording is started. During the data recording, the writer software always monitors the data amount 
stored in the buffer memory in the information recording device, and, when the data amount of the buffer memory 
becomes smaller than the predetermined value, the data recording is temporarily interrupted (paused), while data 
transfer to the buffer memory is continued even during the pause, and, then, the data recording is restarted when the 
buffer memory becomes full. Further, the data recording is paused also upon receiving instructions of pausing given 
by the user, and, then, is restarted upon receiving instructions of restarting given by the user. Furthermore, the data 
recording is paused when the recording rate is altered, and, then, after that, the data recording is restarted. 
[0168] In a step St 13, it is determined whether or not pause and restart has occurred. When no pause and restart 
has occurred, a step S1 14 is performed. When pause and restart has occurred, it is determined in a step S11 7 whether 
or not this pause and restart occurred so as to avoid buffer under-run. 

[0169] Determination as to whether or not the pause and restart occurred so as to avoid buffer under-run is made 
from the data amount stored in the buffer memory. That is, it can be determined that the pause and restart was made 
not for the purpose of avoiding buffer under-run when the data amount stored the buffer memory is so large that there 
is no possibility that buffer under-run occurs. 

[0170] When it is determined in the step S117 that the pause and restart occurred so as to avoid buffer under-run, 
the pausing/restarting number for avoiding buffer under-run for the current recording rate is incremented by one, is 
stored in a manner such that the thus-stored pausing/restarting number is related to the current recording rate in a 
step S118, and, then, the step S114 is performed. 

[0171] When it is determined in the step S117that the pause and restart was made not so as to avoid buffer under- 
run, the pausing/restarting number for other than avoiding buffer under-run for the current recording rate is incremented 
by one, is stored in a manner such that the thus-stored pausing/restarting number is related to the current recording 
rate in a step S119, and, then, the step S114 is performed. In the occasion the pause and restart was made not so as 
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to avoid buffer under-run, the pausing/restarting number of pause and restart made voluntarily by the user and the 
pausing/restarting number of pause and restart made when the recording rate was altered may be counted in a manner 
such that both the numbers are distinguishable. 

[0172] In the step S114, it is determined whether or not the data amount to be recorded in the current recording rate 
has been finished. When the it has not been finished yet, the step S113 is performed again, and, it is determined that 
the data amount to be recorded in the current recording rate has been finished, when the written data has reached 50 
MB. Then, the data recording is paused, and, in a step S115, it is determined whether or not ail the data has been 
recorded. When it has not been recorded yet, the recording rate is changed upward by one step into the double rate 
in a step S116, and, then, the step S112 is performed. Thus, data recording is restarted. 

[0173] Then, similarly to the above-described processing, the pausing/restarting number is counted for the data 
recording at the double rate. With regard to storage of the pausing/restarting number the pausing/restarting numbers 
for the writing at the basic rate and double rate are stored in a distinguishable manner between the respective recording 
rates. 

[0174] When all the data has been recorded in the step S115, the pausing/restarting numbers for the respective 
recording rates are displayed on the display device of the information recording device or host apparatus in a manner 
such that the pausing/restarting number of pause and restart made for avoiding buffer under-run and the pausing/ 
restarting number of pause and restart made for other than avoiding buffer under-run are distinguishable in a step 
S120, and, the current processing is finished. 

[0175] Thereby, it is possible for a user to compare only the pausing/restarting number of pause and restart made 
for avoiding buffer under-run for each recording rate. Accordingly, the user can estimate the number of occurrences 
of buffer under-run for each recording rate. Thus the user can estimate a suitable recording rate properly. 
[0176] In the above-described processing, the number of avoiding buffer under- run for a recording rate which a user 
does not necessarily wish to know may also be included in the list displayed. In fact, data recording at a lowest recording 
rate requires a long time, and, for a user who does not wish data recording at a low recording rate, data recording at 
the lowest recording rate may be unnecessary to be displayed. 

[0177] In order to solve such a problem, it is advantageous to allow a user to freely set which recording rate should 
be studied more deeply and/or how long time data recording at the recording rate is performed. Thereby, it is possible 
to improve the work efficiency. 
[0178] This processing will now be described. 

[0179] This recording processing is approximately the same as that described above with reference to FIG. 15. In 
this processing, differently from that described above with reference to FIG. 1 5, a user interface is provided for allowing 
a user to freely set recording rates and a data amount to be written therefor, and, in the above-mentioned step S111, 
recording rates and recording amounts can be freely set. At the end of data writing, in the above-mentioned step S1 20, 
the recording rates and the recording data amounts recorded at the respective recording rates are displayed, while 
information such as numbers of avoiding buffer under-run for recording rates which have not been set are not displayed 
there. 

[0180] First, upon receiving instructions to start recording given from a user, the recording rate of the information 
recording device is set to a recording rate which is one of the recording rates previously set by the user as mentioned 
above, and the data amount to be recorded at the set recording rate is set. 

[0181] Then, data recording is started. During the data recording, the writer software always monitors the data amount 
stored in the buffer memory in the information recording device, and, when the data amount of the buffer memory 
becomes smaller than the predetermined value, the data recording is temporarily interrupted (paused), while data 
transfer to the buffer memory is continued even during the pause, and, then, the data recording is restarted when the 
buffer memory becomes full. Further, the data recording is paused also upon receiving instructions of pausing given 
by the user, and, then, is restarted upon receiving instructions of restarting given by the user. Furthermore, the data 
recording is paused when the recording rate is altered, and, then, after that, the data recording is restarted. 
[01 82] Then , it is determined whether or not pause and restart has occurred. When no pause and restart has occurred, 
a step S11 4 is performed. When pause and restart has occurred, it is determined whether or not this pause and restart 
was made so as to avoid buffer under-run. 

[0183] Determination as to whether or not the pause and restart was made so as to avoid buffer under-run is made 
from the data amount stored in the buffer memory. That is, as mentioned above, it can be determined that the pause 
and restart was made not for the purpose of avoiding buffer under-run when the data amount stored the buffer memory 
is so large that there is no possibility that buffer under-run occurs. 

[0184] When it is determined that the pause and restart was made so as to avoid buffer under-run, the pausing/ 
restarting number for avoiding buffer under-run for the current recording rate is incremented by one, is stored in a 
manner such that the thus-stored pausing/restarting number is related to the current recording rate. 
[0185] When it is determined that the pause and restart was made not so as to avoid buffer under-run, the pausing/ 
restarting number for other than avoiding buffer under-run for the current recording rate is incremented by one, is stored 
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in a manner such that the thus-stored pausing/restarting number is related to the current recording rate in a step S1 1 9. 
In the occasion the pause and restart was made not so as to avoid buffer under-run, the pausing/restarting number of 
pause and restart made voluntarily by the user and the pausing/restarting number of pause and restart made when 
the recording rate was altered may be counted in a manner such that both the numbers are distinguishable, as men- 
tioned above. 

[0186] Then, it is determined whether or not the data amount to be recorded in the current recording rate has been 
finished. When the it has not been finished yet it is determined that the data amount to be recorded in the current 
recording rate has been finished when the written data has reached 50 MB. Then : the data recording is paused, and, 
then, it is determined whether or not all the data has been recorded. When it has not been recorded yet, the recording 
rate is altered within the above-mentioned recording rates previously set by the user, and, then, data recording is 
restarted at the thus-changed rate. 

[0187] Then, similarly to the above-described processing, the pausing/restarting number is counted for the data 
recording at the changed recording rate. With regard to storage of the pausing/restarting number, the pausing/restarting 
numbers for the writing at the basic rate and double rate are stored in a distinguishable manner between the respective 
recording rates. 

[0188] When all the data has been recorded, the pausing/restarting numbers for the respective recording rates are 
displayed on the display device of the information recording device or host apparatus in a manner such that the pausing/ 
restarting number of pause and restart made for avoiding buffer under-run and the pausing/restarting number of pause 
and restart made for other than avoiding buffer under-run are distinguishable, and the current processing is finished. 
[0189] In this occasion, a list such as that shown below is displayed, for example: 



recording rate 


number of time of avoiding buffer under-run 


recording amount 


basic rate (x 1) 






double rate (x 2) 






four times rate (x 4) 


0 


50 MB 


six times rate (x 6) 


2 


50 MB 



The list corresponds to a case where the user have previously set only four times rate and six times rates as the 
recording rates at which data is recorded, while the basic rate and double rate have not been set. 
[0190] Thus, as the recording rates and recording times (intervals/periods) at the respective recording rates can-be 
freely set by a user, it is possible to perform writing which is efficient for the user, and, it is possible for the user to easily 
know the number of times of avoiding buffer under-run for each recording rate thereof, and to easily know a recording 
rate suitable for the user. 

[0191] In the above-described recording processing, buffer under-run error can be avoided during recording. Ac- 
cordingly, a user can use an application other than the writer software in the host apparatus in the information recording 
system. 

[0192] However, a probability of occurring buffer under-run is completely different between a case where only the 
writer software is operated and a case where software for graphics is operated other than the writer software, for 
example. 

[0193] Therefore, in a case where the host apparatus is used frequently for purposes other than data recording, the 
number of times of avoiding buffer under-run which has been obtained previously may not be similar to the number of 
times of buffer under-run which will occur actually in a different environment which the user will actually use. 
[0194] Accordingly, it is advantageous to display recording rates which have been used previously, the data amount 
recorded for each of these recording rates, the number of times of avoiding buffer under-run for each recording rate, 
the average number of times of avoiding buffer under-run for unit data recording amount the maximum number of 
times of avoiding buffer under-run for unit data recording amount, and so forth together. Thereby, a user can know any 
recording rate at which no buffer under-run occurs under the environment which the user ordinarily uses, and, under 
the hardest environment. 

[0195] This processing will now be describe with reference to FIG. 16. 

[0196] FIG. 16 shows a flow chart illustrating another example of processing of information recording performed in 
each of the above-mentioned third and fourth embodiments. 

[0197] In this processing, as well as counting of the pausing/restarting number, a recording time required for the 
actual data recording at each recording rate is stored in the information recording device or the host apparatus. 
[0198] First, upon receiving instructions to start recording given from a user, the recording rate of the information 
recording device is set in a step S131 , and, also, a reading rate at which data to be recorded is read in the information 



17 



BNSDOCID: <EP 1 1B4863A2J_> 



EP 1 184 863 A2 

recording device is set, and the data amount to be read at the set reading rate is set in a step S132. 
[0199] Then, data recording is started in a step S133. During the data recording, the writer software always monitors 
the data amount stored in the buffer memory in the information recording device, and, when the data amount of the 
buffer memory becomes smaller than the predetermined value, the data recording is temporarily interrupted (paused), 

5 while data transfer to the buffer memory is continued during the pause, and, then, the data recording is restarted when 
the buffer memory becomes full. Further, the data recording is paused also upon receiving instructions of pausing given 
by the user, and, then, is restarted upon receiving instructions of restarting given by the user. Furthermore, the data 
recording is paused when the recording rate is altered, and, then, after that, the data recording is restarted. 
[0200] Then, it is determined in a step S134 whether or not pause and restart has occurred. When no pause and 

io restart has occurred, a step S135 is performed. When pause and restart has occurred, it is determined in a step S138 
whether or not this pause and restart was made so as to avoid buffer under-run. 

[0201] Determination as to whether or not the pause and restart was made so as to avoid problem of buffer under- 
run is made from the data amount stored in the buffer memory. That is, it can be determined that the pause and restart 
was made not for the purpose of avoiding problem of buffer under-run when the data amount stored the buffer memory 

is is so large that there is no possibility that buffer under-run occurs. 

[0202] When it is determined in the step S138 that the pause and restart was made so as to avoid buffer under-run, 
the pausing/restarting number for avoiding buffer under-run for the current recording rate is incremented by one, is 
stored in a manner such that the thus-stored pausing/restarting number is related to the current recording rate in a 
step S139, and, then, the step S135 is performed. 

20 [0203] When it is determined in the step S138 that the pause and restart was made so as not to avoid buffer under- 
run, the pausing/restarting number for other than avoiding buffer under-run for the current recording rate is incremented 
by one, is stored in a manner such that the thus-stored pausing/restarting number is related to the current recording 
rate in a step S140. In the occasion the pause and restart was made so as not to avoid buffer under-run, the pausing/ 
restarting number of pause and restart made voluntarily by the user and the pausing/restarting number of pause and 

25 restart made when the recording rate is altered may be counted in a manner such that both the numbers are distin- 
guishable. 

[0204] Then, it is determined in the step S1 35 whether or not the data amount to be recorded in the current recording 
rate has been finished. When it has not been finished yet : the recording rate is altered in a step S137, and the above- 
described processing is repeated starting from the step S133. 

30 [0205] When all the data has been recorded, the pausing/restarting numbers (averaged value, maximum value, and 
total value), total recorded data amount, actual recording times and theoretical recording times for the respective re- 
cording rates are displayed on the display device of the information recording device or host apparatus in a step S1 41 
in a manner such that the pausing/restarting number of pause and restart made for avoiding buffer under-run and the 
pausing/restarting number of pause and restart made for other than avoiding buffer under-run are distinguishable, and, 

35 the current processing is finished. 

[0206] In this occasion, a list such as that shown below is displayed, for example: 
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four 

times 

rate 


0 . 50 


2 


5 


2 50 MB 


7 . 17 
min 


7 .115 
min 


six 

times 

rate 


1 


12 


36 


2 50 MB 


5.0 
min 


4.74 min 



[0207] In such a list, the total recorded amount shows the total amount of data which has been recorded in the 
information recording device for each of the recording rates which have been set. Accordingly, for example, a recorded 
data amount in a case where, not using the above-described processing, data recording was performed only at the six 
times rate, a recorded data amount in a case where, a recording medium for which data recording can be performed 
at only not more than the double rate was used, and data recording was performed at the double rate, and so forth will 
be included. 

[0208] Further, the actual recording time in such a list shows the actually required (measured) time, while the theo- 
retical recording time shows the theoretically required (calculated) time (for example, 75 min is required for recording 
650 MB (entire area of the disk) at the basic rate). The theoretical recording time is calculated from the amount of data 
to be recorded and the recording rate, before actual recording is started. 

[0209] Accordingly, the difference between the actual recording time and theoretical recording time is a time required 
for avoiding buffer under-run. 

[0210] Thus, it is possible to determine a recording rate based on the averaged number of times of avoiding buffer 
under-run and maximum number of times of avoiding buffer under-run. Thereby, it is possible to easily estimate the 
number of times of avoiding buffer under-run for each recording rate which is nearer to the actual situation. 
[0211] In the information recording system in the above-mentioned third or fourth embodiment, when the above- 
mentioned recording processing is performed onto a recording medium such as a CD-R/RW, there is a possibility that 
data to be recorded onto the recording medium such as CD-R/RW is transferred thereto after being read from, other 
than a hard disk drive, a CD-ROM drive, a network or the like. The transfer rate from the CD-ROM drive or a network 
is remarkably different from that from the hard disk drive. 

[0212] For example, it is not appropriate to determine a recording rate for recording onto the recording medium such 
as a CD-R/RW from the hard disk drive, based on the number of times of avoiding buffer under-run obtained when 
recording has been performed from the CD-ROM drive. 

[0213] In order to solve this problem, it is advantageous to show the number of times of avoiding buffer under-run 
together with a name of a drive from which the data recording has been performed when the above-mentioned number 
of avoiding times of buffer under-run has been obtained.. For this purpose, the average value, maximum value and 
total value of the number of times of avoiding buffer under-run for each recording rate are output for each drive from 
which data has been transferred when the number of times of avoiding buffer under-run has been obtained. By using 
this information, it is possible to estimate the actual number of times of avoiding buffer under-run at a high accuracy. 
[0214] This processing is approximately the same as the processing shown in FIG. 15 described above, and in the 
step S132, when the amount of data to be written is determined, information of a name of a drive from which the data 
is to be transferred, the recording rate and the data amount therefor is stored in the host apparatus. 
[0215] Then, at the time of finish of the data recording, or at a time of selection of recording rate for subsequent data 
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recording, the thus-obtained information for each drive from which data was transferred is displayed, as shown below, 
for example: 
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0 
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min 
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99.6 
min 


99.6 
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six 

times 

rate 


1 


3 


100 


4.0 GB 


78 
min 


75.8 
min 


C:¥ 




3 


12 


200 


2 .5 GB 


50 

min 1 


47,5 
min 


D:¥ 



[0216] In the above list, numbers of times of avoiding buffer under-run (average value, maximum value and total 
value) for each recording rate, total amount of data recorded at each recording rate, actually measured time and the- 
35 oretical time required for recording, and name of source drive (stored in the host apparatus in the step S132 as men- 
tioned above) from which data was transferred for being recorded are shown. 

[0217] The total recorded amount shown in the above list is 6.5 GB for the double rate, for example. This can be 
interpreted as data of 650 MB is written ten times. The recording time at this occasion is 74 min per 650 MB at the 
basic rate. Accordingly, 37 min is required at the double rate, and, thus, 370 min is required for recording the data onto 
40 ten disks. 

[0218] Thus, it is possible to determine a recording rate based on the averaged number of times of avoiding buffer 
under-run and maximum number of times of avoiding buffer under-run for each drive from which data to be recorded 
was transferred. Thereby, it is possible to easily estimate the number of times of avoiding buffer under-run for each 
recording rate at a higher accuracy. 

^ [0219] In an optical disk drive which is an information recording device such as a CD-R/RW drive, or the like, trial 
writing is performed onto a previously prepared trial writing area (referred to as an 'PCA area', hereinafter) of an optical 
disk. Thereby, optimum output power for a writing rate (recording rate) of the optical disk is determined. This operation 
is referred to as an optiririum recording power determining processing (OPC: Optimum Power Control). 
[0220] For a write-once medium such as a CD-R, or the like, OPC can be performed only predetermined times. On 

so the PCA area, general OPC can be performed 100 times. However, as the writing rate is increased, there is a possibility 
that such a new OPC may be used that a single time of the OPC uses an amount of PCA area which is used by a 
plurality of times of ordinary OPC. 

[0221] In such a case, a plurality of writing rates may be selected in multi-session, and, also, additional writing may 
be performed. Thereby, there is a possibility that the PCA area becomes full during data recording, and, thereby, the 
55 optical disk becomes non-writeable disk after that even during recording and not finished yet. 

[0222] Further, generally speaking, lager laser output power is needed as the recording rate is increased for an 
optical disk. Accordingly, there is a possibility that, although recording can be made at a lower recording rate, it is not 
possible to record onto the same opitcal disk at a higher recording rate as the optimum recording laser output power 



20 



BNSDOCID: <EP .1 1B4863A2_I_> 



EP 1 184 863 A2 



cannot be obtained due to shortage of laser output power. 

[0223] In order to solve these problems, it is advantageous to study a remaining available number of times of OPC 
before starting actual writing, and inform a user of not to perform the writing but to reduce the number of set recording 
rates, when the remaining available number of times of OPC is short. When the remaining available number of times 

5 of OPC is sufficient, OPC is actually performed, and, then, it is determined whether or not recording can be made at 
the recording rate previously set by the user. Then, when it is determined that recording at the set recording rate is not 
possible, this matter is informed to the user, and recording is prevented from being started. Thereby, a problem in that 
recording becomes not possible before it is finished can be avoided. 
[0224] With reference to FIG. 17, this processing will now be described. 

w [0225] FIG. 1 7 shows an operation flow chart of processing in another example of information recording processing 
performed by each of the above-mentioned third and fourth embodiments. 

[0226] First, before recording is started, the PCA area (in a case of an optical disk, the most inner area) is studied. 
Thus, the remaining available number of times of OPC for the optical disk is obtained therefrom. Then, actual recording 
is performed after OPC is performed for all the recording rates. 

*5 [0227] In a step S151, a recording rate is set. In a step S152, from a number of rate alteration, a required amount 
of PCA area is calculated. Then, in a step S1 53, the PCA area is searched, and, it is determined in a step S1 54 whether 
or not a sufficient amount of PCA area remains. Then, when the remaining amount of PCA area is not sufficient, actual 
data recording is not performed. Then, a step S.1 58 is performed, and a message of urging the user to alter the recording 
rate(s) is output. Then, the processing in the step S151 is returned to. 

20 [0228] When it is determined in the step S1 54 that the remaining amount of PCA area is sufficient, OPC is performed 
for all the recording rates in a step S1 55. Then, in a step S1 56, it is determined whether or not the optimum write power 
values (optimum recording powers) have been obtained for all the recording rates. Then, when they have not been 
obtained, the step S158 is performed, and a message of urging the user to alter the recording rate(s) is output. Then, 
the processing in the step S15T is returned to. 

25 [0229] When it is determined in the step S54 that the optimum write power values for all the recording rates have 
been obtained, a step S157 is performed, and the processing shown in FIG. 15 is then performed. 
[0230] Thus, the remaining amount (vacant part) of the PCA area is studied in prior to beginning of actual data 
recording. Thereby, it is possible to avoid a problematic situation in that, the recording rate is altered during writing so 
that the optimum recording laser power should be obtained for the new recording rate, but the PCA area has become 

30 full, and thereby, OPC cannot be performed so that the optimum recording laser power for the new recording rate 
cannot be obtained and thus recording cannot be performed therefrom. Further, as the OPC is previously performed 
actually so that the optimum laser power output values for the respective recording rates are obtained, and then, regular 
(actual) writing is performed. Accordingly, a problematic situation can be avoided in that OPC error occurs due to 
shortage of laser power, and, thereby, writing to the disk becomes not possible. 

35 [0231] Fifth through ninth embodiments of the present invention will now be described. 

[0232] FIG. 1 8 shows a block diagram of a configuration of a CD-R/RW recording/reproducing system in each of the 
fifth through ninth embodiments. 

[0233] This CD-R/RW recording/reproducing system includes a personal computer 201 and a CD-R/RW drive 202 
which are connected together through an interface 203 such as IDE, SCSI, ATA PI, USB, IEEE 1394 or the like, such 
40 that data communication therebetween is enabled thereby. 

[0234] The personal computer 201 includes a microcomputer including a CPU, a ROM, a RAM, and so forth, and 
acts as control part 210, a display part 211 , a storage part 212 and so forth. 

[0235] The control part 21 0 performs control of the entirety of the personal computer 201 , and performs processing 
of various data. Further, a CD-R/RW writing (writer) software (program) which is an optical disk writing software is 
45 installed therein, and, thereby, functions of recording and reproducing of data through the CD-R/RW drive 202, and 
reporting of the number of times of execution of BURF function through the CD-R/RW drive 202 are performed by the 
control part 210. 

[0236] The above-mentioned BURF (Buffer Under-Run Free) function is, as described above, a function of restarting 
data recording onto a recording medium such as a CD-R/RW, when the data recording is paused, in a manner such 
so that continuity with data recorded immediately before the pause is maintained. As this function is well-known, detailed 
description thereof is omitted. 

[0237] The display part 211 is one of various types of display devices such as a CRT, an LCD, and so forth, and 
displays various information such as the above-mentioned number of times of execution of BURF function, and so forth. 
[0238] The storage part 212 is a storage device such as a hard disk drive or the like, and, readably stores therein 
55 various data. 

[0239] The CD-R/RW drive 202 includes a microcomputer including a CPU, a ROM, a RAM and so forth, performs 
recording and reproducing data onto/from an optical disk 204 which is a recording medium such as a CD-R/RW or the 
like, and acts as a control part 220, a data writing/reading part 221 , a temporarily storage part 222 and so forth (including 
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well-known functional parts of a common CD-R/RW drive). 

[0240] The control part 220 performs control of the entirety of the CD-R/RW drive 202, and, based on instructions 
from the personal computer 201 , performs recording and reproducing data onto/from the optical disk 204, and, also, 
performs the above-mentioned BURF function, holding the number of times of execution (not a plan but a result) of 
5 the BURF function, reporting of the number of times of execution of the BURF function to the personal computer 201 , 
and so forth. 

[0241] The data writing/reading part 221 includes an optical pickup, a focus/tracking servo control part, a rotation 
control part, a signal processing part and so forth ; which are well-known parts of a common optical disk drive, not 
shown in the figure, and performs recording and reproducing of data onto/from the optical disk 204 through writing and 
10 reading thereof. 

[0242] The temporarily storage part 222 is a storage device which includes a buffer RAM which is a buffer memory 
temporarily storing therein data to be recorded onto and data reproduced from the optical disk 204, and a memory 
area for holding the above-mentioned number of times of execution of BURF function. 
[0243] The fifth embodiment of the present invention will now be described. 
'5 [0244] In the CD-R/RW recording/reproducing system in the fifth embodiment shown in FIG. 18, the above-mentioned 
control part 220 of the CD-R/RW drive 202 performs the above-mentioned BURF function, and the above-mentioned 
temporarily storage part 222 performs holding the number of times of execution of the BURF function by the control 
part 220. 

[0245] Further, as a recording program (writer software) for executing the function of reporting, as occasion demands, 
20 the number of times of execution of the BURF function is installed in the above-mentioned control part 210 of the 
personal computer 201 , the number of times of execution of the BURF function held by the temporarily storage part 
222 is reported as occasion demands by the control part 210. 

[0246] . Thus, the CD-R/RW recording/reproducing system performs the BURF function, holds the number of times 
of execution of the BURF function, and reports the thus-held number of times of execution of the BURF function as 
25 occasion demands. 

[0247] Based on FIGS. 19 through 21 , the processing of reporting the number of times of execution of the BURF 
function performed by the CD-R/RW recording/reproducing system in the fifth embodiment will now be described. 
[0248] FIG. 19 shows an operation flow chart illustrating data recording processing performed by the CD-R/RW 
recording/reproducing system in the fifth embodiment. 
30 [0249] FIG. 20 shows one example of an operation picture for a user to input instructions as to whether or not the 
BURF function is used (is to operate/be activated). 

[0250] FIG. 21 shows one example of a picture to be displayed reporting the number of times of execution of the 
BURF function to a user. 

[0251] As shown in FIG. 19, when data recording or music track recording is performed on the optical disk 204 
35 through the CD-R/RW drive 202, the control part 21 0 of the personal computer 201 activates a user interface (Ul) for 
causing a user to select as to whether or not the BURF function is used through the recording program (optical disk 
writing software) in a step S201 . Thereby, as shown in FIG. 20, the display part 211 displays the operation picture so 
as to urge the user to select whether or not the BURF function is used in the CD-R/RW drive 202. 
[0252] Then, in a step S202, when the control part 210 of the personal computer 201 determines that a check box 
40 230 of 'BURF function is used' in the above-mentioned operation picture has been checked by the user, the control 
part 21 0 generates a command for setting the CD-R/RW drive through the interface so that the CD-R/RW drive uses 
the BURF function, then, causes the CD-R/RW drive to start operation of data writing, and transfers data to be recorded 
stored in the storage part to the CD-R/RW drive. 

[0253] The control part 220 of the CD-R/RW drive 202 stores the data transferred from the control part 210 of the 
45 personal computer 201 in the temporarily storage part 222 temporarily, and, after the storage amount of the temporarily 

storage part 222 reaches a predetermined amount, the data is read out from the temporarily storage part 222 sequen-. 

tially, is then transferred to the data writing/reading part 221 , which then records the data onto the optical disk 204. 

[0254] In a step S203, the control part 220 of the CD-R/RW drive 202 determines whether or not the data transferred 

from the personal computer 201 has been completely written onto the opitcal disk 204. When it is determined that all 
50 the data transferred from the personal computer 201 has been written onto the optical disk 204, the current processing 

is finished. When it is determined that the data writing has not been finished yet, the data writing is continued in a step 

S204. 

[0255] The control part 220 of the CD-R/RW drive 202 determines, during the data writing including the data writing 
in the step S204, whether or not a pause of data recording caused by buffer under-run error or the like is likely to occur, 
55 based on the data storage amount of the buffer RAM of the temporarily storage part 222, in a step S205. Then, when 
it is determined that there is no possibility of occurrence of a pause, the step S203 is performed. 
[0256] When the control part 220 determines in the step S205 that a pause of data recording caused by buffer under- 
run error or the like is likely to occur, as the BURFf unction is activated by the above-mentioned setting from the personal 



22 

BNSDOCID: <EP 1 1B4863A2_I_> 



EP 1 184 863 A2 



computer, the control part 220 pauses the data recording according to the BURF function internally in a step S206, 
and waits for the data to be written being sufficiently stored in the buffer RAM in a step S207. 

[0257] Then, during the waiting condition, it is determined in a step S208 whether or not a sufficient amount of data 
has been stored in the buffer RAM. When the sufficient amount of data has not been stored in the buffer RAM yet, the 
step S207 is performed. When the sufficient amount of data has been stored in the buffer RAM, data writing is restarted 
in a step S209 in a manner such that continuity with data stored immediately before the pause is maintained (such 
processing being referred to as 'recovery processing'). In each of the occasion, the number of times of execution of 
the BURF function is counted (incremented by one) and the count value is stored in the predetermined area (above- 
mentioned memory area) of the temporarily storage part 222. 

[0258] The thus-stored number of times of execution of the BURF function is a cumulative number. However, as the 
cumulative number of times of execution for each optical disk is stored in the temporarily storage part 222 by the control 
part 220 of the CD-R/RW drive 202, it is possible to display the cumulative number of times of execution for each optical 
disk. 

[0259] Then, in a step S21 0, the control part 21 0 of the personal computer 201 generates a command to the control 
part 220 of the CD-FVRW drive 202 such as to inquire the number of times of execution of the BURF function. Thereby, 
the control part 220 of the CD-R/RW drive 202 reads the number.of times of execution held in the temporarily storage 
part 222 at the current time, and, through the interface, transmits the thus-read number of times of execution to the 
personal computer 201 . Upon receiving the thus-transmitted number of times of execution, the control part 21 0 of the 
personal computer 201 activates the user interface (Ul) for reporting the number of times of execution of the BURF 
function through theopitcal disk writing software. Thereby, the display part 211 of the personal computer 201 displays 
the number of times of execution of the BURF function in the CD-R/RW drive 202 as shown in FIG. 21 . Thus, the 
number of times of execution of the BURF function is reported to the user. In the thus-displayed picture shown in FIG. 
21 , the number of times of execution is displayed as 'the number of times of recovery made according to data continuity 
function from buffer under-run occurring during data writing' in a predetermined frame 231 . 

[0260] Then, the step S203 is performed. Then, the above-described processing is repeated until all the data to be 
written has been transmitted from the personal computer 201 . 

[0261] Thus, the above-described CD-R/RW recording/reproducing system in the fifth embodiment has the function 
of reporting the number of times of execution of the BURF function in the CD-R/RW drive which can perform data 
recording and/or music track recording. Accordingly, a user can know the number of times of execution of the BURF 
function real-time during data writing using the CD-R/RW drive without inputting complicated commands or the like. 
[0262] The sixth embodiment of the present invention will now be described. In the sixth embodiment, basically the 
same as the above- described fifth embodiment, however, particular consideration for timing of automatically executing 
the program of reading the number of times of execution of the BURF function held inside of the CD-R/RW drive by 
the special command is made. 

[0263] The sixth embodiment in the CD-R/RW recording/reproducing system shown in FIG. 18 will now be described. 
[0264] This CD-R/RW recording/reproducing system performs the above-described BURF function when a pause 
of data recording onto a recording medium through the above-mentioned control part 220 of the CD-R/RW drive 202 
occurs, and, also : holding the number of times of execution of the BURF function by the above-mentioned temporarily 
storage part 222. 

[0265] Further, a program of reporting the number of times of execution of the BURF function each time a study is 
made for the amount of use of the temporarily storage part 222 which temporarily stores data to be recorded onto the 
recording medium by the CD-R/RW drive is installed into the control part 21 0 of the personal computer 201 . Thereby, 
the control part 210 performs a function of reporting the number of times of execution of the BURF function each time 
a study is made for the amount of use of the temporarily storage part 222 (buffer RAM) which temporarily stores data 
to be recorded onto the recording medium by the CD-R/RW drive. 

[0266] With reference to FIG. 22, the above-mentioned processing of reporting the number of times of execution of 
the BURF function performed by the CD-R/RW recording/reproducing system in the sixth embodiment will now be 
described. 

[0267] FIG. 22 shows an operation flow chart of data recording processing performed by the CD-R/RW recording/ 
reproducing system in the sixth embodiment. 

[0268] The CD-R/RW recording/reproducing system in the sixth embodiment performs the above-mentioned function 
of reporting the number of times of execution of the BURF function at a predetermined occasion in addition to the data 
recording processing performed by the CD-R/RW recording/reproducing system in the fifth embodiment described 
above. 

[0269] Specifically, when data recording or music track recording is performed on the optical disk 204 through the 
CD-R/RW drive 202, the control part 210 of the personal computer 201 activates a user interface (Ul) for causing a 
user to select as to whether or not the BURF function is used through the recording program (optical disk writing 
software). Thereby, as shown in FIG. 20, the display part 211 displays the operation picture so as to urge the user to 
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select whether or not the BURF function is used in the CD-R/RW drive 202. 

[0270] Then, when the control part 210 of the personal computer 201 determines that a check box 230 of BURF 
function is used' in the above-mentioned operation picture has been checked by the user, the control part 21 0 generates 
a command for setting the CD-R/RW drive through the interface so that the CD-R/RW drive uses the BURF function, 
5 then, causes the CD-R/RW drive to starts operation of data writing, and transfers data to be recorded stored in the 
storage part to the CD-R/RW drive. 

[0271] Then, in a step S221 of FIG. 22, the control part 220 of the CD-R/RW drive 202 determines whether or not 
the data to be written has been finished. When it is determined that ail the data transferred from the personal computer 
201 has been written, the current processing is finished. However when it is determined that all the data transferred 
10 from the personal computer 201 has not been written yet, the control part 220 subsequently receives data transferred 
from the personal computer 201 in a step S222. 

[0272] In a step S223, the control part 21 0 of the personal computer 201 generates a read buffer capacity command 
to the control part 220 of the CD-R/RW drive 202 through the interface, as a result of writing being started by a write 
command, such that the amount of data stored in the buffer RAM of the temporarily storage part 222 in the drive is 
15 studied. 

[0273] Upon receiving the read buffer capacity command from the control part 21 0 of the personal computer 201 , 
the control part 220 of the CD-R/RW drive 202 studies the amount of data stored in the buffer RAM of the temporarily 
storage part 222, reads the number of times of execution of the BURF function held in the predetermined area of the 
temporarily storage part 222 in a step S224, and transmits the thus-studied amount of data stored in the buffer RAM 
20 and the thus-read number of times of execution of the BURF function to the control part 210 of the personal computer 
201 through the interface. 

[0274] In a step S225, the control part 21 0 of the personal computer 201 receives the thus-transmitted data amount 
in the buffer RAM and the number of times of execution of the BURF function, activates a user interface (Ul) of reporting 
the number of times of execution of the BURF function through the optical disk writing software, and, as shown in FIG. 
25 21, the display part 211 of the personal computer 201 displays the number of times of execution of the BURF function 
in the CD-R/RW drive 202. Thus, the number of times of execution of the BURF function (how many times the BURF 
function was executed) is reported to the user. 

[0275] In a step S226, based on the data amount in the buffer RAM of the temporarily storage part 222, the control 
part 220 of the CD-R/RW drive 202 determines whether or not the buffer RAM is full (holds a predetermined amount 
30 of data). When it is not full, data writing processing is subsequently performed in a step S227. The control part 220 of 
the CD-R/RW drive 202 reads the data stored in the buffer RAM sequentially, and sends it to the data writing/reading 
part 221 , which then records the data onto the optical disk 204. 

[0276] The control part 220 of the CD-R/RW drive 202 determines, during data writing including data writing in the 
step S227, whether or not a pause of data recording caused by buffer under-run error or the like is likely to occur, 
35 based on the data storage amount (or remaining data amount) in the buffer RAM of the temporarily storage part 222, 
in a step S228. Then, when it is determined that there is no possibility of occurrence of a pause, the step S221 is 
performed. 

[0277] When the control part 220 determines in the step S228 that a pause of data recording caused by buffer under- 
run error or the like is likely to occur, as the BURF function is activated by the setting from the personal computer, the 
40 control part 220 pauses the data recording by the BURF function internally in a step S229, and waits for the data to 
be written being sufficiently stored in the buffer RAM. 

[0278] Then, during the waiting condition, it is determined whether or not a sufficient amount of data has been stored 
in the buffer RAM. When the sufficient amount of data has not been stored in the buffer RAM yet, the waiting condition 
is continued. When the sufficient amount of data has been stored in the buffer RAM, data writing is restarted in a step 

45 S209 in a manner such that continuity with data stored immediately before the pause is maintained (such processing 
being referred to as 'recovery processing' as mentioned above). In each of the occasion, the number of times of exe- 
cution of the BURF function is counted and the count value is stored in the predetermined area of temporarily storage 
part. The thus-stored number of times of execution of the BURF function is a cumulative number. However, as the 
cumulative number of times of execution for each optical disk is stored in the temporarily storage part 222 by the control 

so part 220 of the CD-R/RW drive 202, it is possible to display the cumulative number of times of execution for each optical 
disk. 

[0279] Then, the step S221 is performed again. This processing is repeated until the writing data transferred from 
the personal computer 201 is finished. 

[0280] Thus, in the sixth embodiment described above, the command for studying the amount of use of the buffer 
55 RAM of the CD-R/RW drive 202 and the write command of transferring the actual data to be written are executed 
repeatedly until all the data has been transferred from the personal computer 201 . In this configuration, the number of 
times of execution of the BURF function is read and is displayed each time the above-mentioned command of studying 
the amount of use (data stored amount) of the buffer RAM is generated. Accordingly, the number of execution times 
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of the BURF function can be periodically obtained and displayed automatically. 

[0281] In the above-described sixth embodiment, the command of obtaining the number of times of execution of the 
BURF function is generated each time the command of studying the amount of use of the buffer RAM is generated. 
Thereby, the commands irrelevant to actual data writing are frequently transferred between the personal computer 201 
and CD-R/RW drive 202. Thereby, the efficiency of the data transfer therebetween may be degraded. 
[0282] However, as processing of the BURF function itself is completed within the CD-R/RW drive 202, no reporting 
is performed to the personal computer 201 each occasion of the execution of the BURF function. Accordingly, the 
personal computer 201 should read the contents from the CD-R/RW drive 202 actively. 

[0283] Thus, as the number of times of execution of the BURF function is read each time the write command or the 
read buffer capacity command is generated, various commands are sent through the interface 203 frequently. Thereby, 
switching of the interface 203 occurs frequently, and data transfer at high transfer rate cannot be achieved therethrough. 
[0284] Therefore, it is advantageous that reading of the number of times of execution of the BURF function from the 
CD-R/RW drive 202 is performed only when it is really needed" Further, when the BURF function is executed, as motor 
control (rotation control of the optical disk) comes to be needed, a longer time is required in comparison to a case of 
is regular data writing processing. 

[0285] The seventh embodiment which will now be described has been devised in consideration of these problems. 
[0286] In the CD-R/RW recording/reproducing system in the seventh embodiment, generation of the command of 
reading the number of times of execution of the BURF function performed by the personal computer 201 is made when 
or after detection of disorder occurring in interval of generation of write command (for data writing). 
[0287] This CD-R/RW recording/reproducing system performs the above-described BURF function when a pause 
of data recording onto a recording medium through the above-mentioned control part 220 of the CD-R/RW drive 202 
occurs, and, also, holding the number of times of execution of the BURF function through the above-mentioned tem- 
porarily storage part 222. 

[0288] Further, a program of reporting the number of times of execution of the BURF function when disorder in interval 
of generation of command of giving instructions of data writing is detected during data recording onto a recording 
medium is installed into the control part 210 of the personal computer 201 . Thereby, the control part 210 performs a 
function of reporting the number of times of execution of the BURF function when disorder in interval of generation of 
command of giving instructions of data writing is detected during data recording onto a recording medium. 
[0289] Specifically, in the CD-R/RW recording/reproducing system in the seventh embodiment, the control part 210 
of the personal computer 201 studies the interval of generation of the write command therefrom, and, upon detecting 
a disorder in the detected interval, it determines that the BURF function is executed in the CD-R/RW drive 202. 
[0290] For example, the control part 21 0 of the personal computer 201 measures the command generation interval 
from the preceding generation of the command each time the write command is generated to the CD-R/RW drive 202, 
and, when the thus-measured interval is longer than a predetermined value, the control part 210 determines that a 
35 disorder has occurred in the generation interval, and thus, determines that the BURF function has been executed. 
[0291] The CD-R/RW drive 202 generally has a predetermined data transfer rate (for example, 150 KB/s). Accord- 
ingly, the generation interval of the write command to the CD-R/RW drive 202 should not become much longer. There- 
fore, it is possible to determine that the BURF function has been executed (so that a pause of data recording has 
occurred), when the command generation interval becomes remarkably long. 
40 [0292] Then, when, or within or at a predetermined time after the control part 210 of the personal computer 201 thus 
determines that the BURF function has been executed, the control part 210 generates a command of inquiring the 
number of times of execution of the BURF function to the CD-R/RW drive 220 through the interface 203. The CD-R/ 
RW drive 220 then reads the current number of times of execution of the BURF function held in the temporarily storage 
part 222, and, then, transmits the thus-read number of times of execution to the control part 210 of the personal com- 
45 puter 201 through the interface 203. Upon receiving the number of times of execution of the BURF function from the 
CD-R/RW drive 220, the control part 210 displays it on the display part 211 , so as to report the number of times of 
execution to the user. 

[0293] Thus, the CD-R/RW recording/reproducing system in the seventh embodiment generates the command of 
reading the number of times of execution of the BURF function through determining that the BURF function has been 

50 executed when detecting a disorder (for example, detecting it becomes longer than the predetermined value) in the 
interval of generation of the write commands during writing of data or music track onto a recording medium. Thereby, 
it is possible to effectively reduce the frequency of generation of commands of reading the number of times of execution 
of the BURF function to be sent between the CD-R/RW drive and personal computer while the number of times of 
execution of the BURF function can be displayed real-time when it is really needed. 

55 [0294] The eighth embodiment will now be described. 

[0295] In the CD-R/RW recording/reproducing system in the eighth embodiment, generation of the above-mentioned 
command of reading the number of times of execution of the BURF function performed by the personal computer 201 
is made when or after the amount of use (storage amount) of the buffer RAM becomes lower than a predetermined 
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amount. 

[0296] This CD-R/RW recording/reproducing system performs the above-described BURF function when a pause 
of data recording onto a recording medium through the above-mentioned control part 220 of the CD-R/RW drive 202 
occurs, and, also, holding the number of times of execution of the BURF function by the above-mentioned temporarily 
5 storage part 222. 

[0297] Further, a program of reporting the number of times of execution of the BURF function after detecting that the 
amount of use of the temporarily storage part (buffer RAM) becomes lower than the predetermined amount during data 
recording onto a recording medium is installed into the control part 210 of the personal computer 201. Thereby, the 
control part 21 0 performs a function of reporting the number of times of execution of the BURF function after detecting 
10 that the amount of use of the temporarily storage part (buffer RAM) becomes lower than the predetermined amount 
during data recording onto a recording medium. 

[0298] Specifically, in the CD-R/RW recording/reproducing system in the eighth embodiment, the control part 21 0 of 
the personal computer 201 studies the amount of use of the temporarily storage part (buffer RAM), and, upon detecting 
that the amount of use of the temporarily storage part (buffer RAM) becomes lower than the predetermined amount, 

'5 it determines that the BURF function is executed in the CD-R/RW drive 202. 

[0299] The BURF function is a function to be executed for preventing the buffer RAM from becoming empty as the 
amount of data consumed in actual data writing operation is larger than the amount of data transferred from the personal 
computer and stored in the buffer RAM. Therefore, this timing is suitable as a timing of generating the command of 
reading the number of times of execution of the BURF function, so that a user can positively recognize the number of 

20 times of execution of the BURF function in proper timing. 

[0300] In the CD-R/RW recording/reproducing system in the eighth embodiment, the control part 210 of the personal 
computer 201 generates the read buffer capacity command of studying the data amount (amount of use) in the tem- 
porarily storage part 222 to the CD-R/RW drive 202 through the interface 203. Upon receiving this command, the 
control part 220 of the CD-R/RW drive 202 studies the data amount in the buffer RAM of the temporarily storage part 

25 222, and, transmits the thus-obtained data amount to the control part 210 of the personal computer 201 . 

[0301] Upon receiving the data amount in the buffer RAM from the CD-R/RW drive 202, the control part 210 of the 
personal computer 201 compares it with a predetermined value, and, when it is lower than the predetermined value, 
the control part 21 0 determines that the BURF function has been or should immediately be executed in the CD-R/RW 
drive 202. 

30 [0302] Then, when, or within or at a predetermined time after the control part 210 of the personal computer 201 thus 
determines that the BURF function has been or should immediately be executed, the control part 210 generates a 
command of inquiring the number of times of execution of the BURF function to the CD-R/RW drive 220 through the 
interface 203. The CD-R/RW drive 220 then reads the current number of times of execution of the BURF function held 
in the temporarily storage part 222, and, then, transmits it to the control part 210 of the personal computer 201 through 

35 the interface 203. Upon receiving the number of times of execution of the BURF function from the CD-R/RW drive 220, 
the control part 21 0 displays it on the display part 211 , so as to report it to the user. 

[0303] Thus, it is possible to prevent useless commands from being generated, and, to cause only necessary data 
and/or commands are transferred. 

[0304] Thus, the CD-R/RW recording/reproducing system in the eighth embodiment generates the command of read- 
40 ing the number of times of execution of the BURF function by determining that the BURF function has been executed 
when detecting that the used amount of the buffer RAM has become lower than the predetermined value through 
studying the used amount of the buffer RAM during writing of data or music track onto a recording medium. Thereby, 
it is possible to effectively reduce the frequency of generation of commands of reading the number of times of execution 
of the BURF function to be sent between the CD-R/RW drive and personal computer while the number of times of 
45 execution of the BURF function can be displayed real-time in proper timing. 

[0305] However, in this configuration in which execution of the BURF function is determined from detection of a small 
amount of data in the buffer RAM, there is a possibility that the number of times of execution of the BURF function is 
read after a small amount of data in the buffer RAM is detected and thus the BURF function is executed, but, actually, 
the number of times of execution of the BURF function at a time immediately before the BURF function is executed or 
50 at a time the BURF function is on execution and not finished, and, thus, the number of times of execution of the BURF 
function has not been updated yet is read, and reported. Thereby, proper reading of the number of times of execution 
of the BURF function may not be necessarily performed. 

[0306] In order to solve this problem, the ninth embodiment of the present invention has been devised. 
[0307] The ninth embodiment in the CD-R/RW recording/reproducing system shown in FIG. 1 8 will now be described. 
55 [0308] In the CD-R/RW recording/reproducing system in the ninth embodiment, generation of the command of read- 
ing the number of times of execution of the BURF function performed by the personal computer 201 is made after a 
predetermined interval has elapsed after the amount of use of the buffer RAM becomes lower than a predetermined 
amount is detected. 
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[0309] This CD-R/RW recording/reproducing system performs the above-described BURF function when a pause 
of data recording onto a recording medium through the above-mentioned control part 220 of the CD-R/RW drive 202 
occurs, and f also : holding the number of times of execution of the BURF function by the above-mentioned temporarily 
storage part 222. 

5 [0310] Further, a program of reporting the number of times of execution of the BURF function through studying and 
detecting that the amount of use of the temporarily storage part (buffer RAM) becomes lower than the predetermined 
amount during data recording onto a recording medium, the reporting being made after a sufficient time interval has 
elapsed before reading the current number of times of execution for execution of the BURF function and the number 
of times of execution of the BURF function is updated is installed into the control part 210 of the personal computer 

10 201 . Thereby, the control part 210 performs a function of reading and reporting the number of times of execution of 
the BURF function after detecting that the sufficient time interval has elapsed for execution of the BURF function and 
updating of the number of times of execution of the BURF function, after detecting that the amount of use of the 
temporarily storage part (buffer RAM) becomes lower than the predetermined amount during data recording onto a 
recording medium. . 

is [0311] In the CD-R/RW recording/reproducing system in the ninth embodiment, the control part 210 of the personal 
computer 201 generates the read buffer capacity command of studying the data amount (amount of use) in the tem- 
porarily storage part 222 to the CD-R/RW drive 202 through the interface 203. Upon receiving this command, the 
control part 220 of the CD-R/RW drive 202 studies the data amount in the buffer RAM of the temporarily storage part 
222, and, transmits the data amount to the control part 210 of the personal computer 201 . 

20 [0312] Upon receiving the data amount in the buffer RAM from the CD-R/RW drive 202, the control part 210 of the 
personal computer 201 compares it with a predetermined value, and, when it is lower than the predetermined value, 
the control part 21 0 determines that the BURF function has been executed in the CD-R/RW drive 202. 
[0313] Then, when the control part 210 of the personal computer 201 thus determines that the BURF function has 
been executed, the control part 21 0 waits for a elapse of the predetermined time interval by which the BURF function - 

25 can be thus completed, and, also, the control part 220 of the CD-R/RW drive 202 can thus update the number of times 
of execution of the BURF function held in the temporarily storage part 222. Then, after detecting the elapse of the 
above-mentioned predetermined time interval, the control part 210 generates a command of inquiring the number of 
times of execution of the BURF function to the CD-R/RW drive 220 through the interface 203. The CD-R/RW drive 220 
then reads the current number of times of execution of the BURF function held in the temporarily storage part 222, 

30 and, then, transmits it to the control part 21 0 of the personal computer 201 through the interface 203. Upon receiving 
the number of times of execution of the BURF function from the CD-R/RW drive 220, the control part 21 0 displays it 
on the display part 211 , so as to report it to the user. 

[0314] Thus, it is possible to properly read and display the proper number of times of execution of the BURF function 
real-time. 

35 [0315] Thus, the CD-R/RW recording/reproducing system in the ninth embodiment generates the command of read- 
ing the number of times of execution of the BURF function by determining that the BURF function has been executed 
through detecting that the used amount of the buffer RAM has become lower than the predetermined value through 
studying the used amount of the buffer RAM during writing of data or music track onto a recording medium, and, also, 
detecting an elapse of sufficient time for execution of the BURF function and an elapse of sufficient time for updating 

40 the number of times of execution of the BURF function made by the execution of the BURF function. Thereby it is 
possible to effectively reduce the frequency of generation of commands of reading the number of times of execution 
of the BURF function to be sent between the CD-R/RW drive and personal computer, and, also, the proper number of 
times of execution of the BURF function can be displayed real-time. 

[0316] Further, the present invention is not limited to the above-described embodiments, and variations and modifi- 
es cations may be made without departing from the scope of the present invention. 

[0317] The present application is based on Japanese priority applications Nos. 2000-240851, 2000-344966 and 
2001-018878, filed on August 9, 2000, November 13, 2000 and January 26, 2001, respectively, the entire contents of 
which are hereby incorporated by reference. 

[0318] The following parts and corresponding method steps are optionally and not obligatory parts of the invention: 

50 

The display part for displaying the counting result, the reporting part for reporting the counting result, the storing 
part for storing the counting result, the controlling or adjusting part for controlling or adjusting the recording rate 
based on the counting result etc. 

55 According to a common concept of the invention, the result of the counting part is processed by a processing part 

or in a corresponding method step. The processing part may be the afore-mentioned display part, reporting part, 
storing part, and/or controlling or adjusting part etc. 
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Furthermore, the present invention relates to a program as such which performs the claimed methods when loaded 
in a computer or when running on a computer. In particular, the program relates to the program which is claimed 
in connection with the computer readable recording medium claims. 

5 

Claims 

1. An information recording system for recording information onto an optical disk, comprising: 

10 a continuity maintaining part (13) which restarts recording of data onto the optical disk after a pause of recording 

occurring due to buffer under-run, in such a manner that continuity with information recorded immediately 
before the occurrence of the pause is maintained; 

a counting part (14) counting the number of times of operation of said continuity maintaining part during the 
recording of the information onto the optical disk; and 

a display part (4) displaying the number of times of operation of said continuity maintaining part counted by 
said counting part. 



15 



2. The information recording system as claimed in claim 1 , further comprising a recording part (12) which records 
the number of times of operation of said continuity maintaining part counted by said counting part onto the optical 

20 disk. 

3. The information recording system as claimed in claim 1 , further comprising a selecting part (1 ) for a user to select, 
at the beginning of recording of the information onto the optical disk, as to whether or not said continuity maintaining 
part operates. 

25 

4. The information recording system as claimed in claim 1 comprising a terminal device (A) such as a personal 
computer and an optical disk drive (B) which performs recording of information onto the optical disk (C); wherein: 

said terminal device comprises said display part (4); and 
30 said optical disk drive comprises said continuity maintaining part and said counting part. 

5. The information recording system as claimed in claim 1 , wherein said display part displays a picture for the user 
to select whether or not said continuity maintaining part operates. 

35 6. The information recording system as claimed in claim 1 , wherein the user can select whether or not the number 
of times of operation of said continuity maintaining part is recorded onto the opitcal disk. 

7. The information recording system as claimed in claim 1 , further comprising a testing part (1 0) which performs test 
recording onto the optical disk with a reduced power of recording light, before regular recording, and, when buffer 

40 under-run occurs during the test recording, this matter is displayed. 

8. The information recording system as claimed in claim 7, wherein said testing part interrupts the test recording 
when buffer under-run occurs. 

45 9. a recording medium in which a software program is recorded, said program causing an information recording 
system, including a continuity maintaining part (13) which restarts recording of data onto the optical disk after an 
interruption of recording occurring due to buffer under-run during the recording onto an optical disk, in such a 
manner that continuity with information recorded immediately before the occurrence of the interruption is main- 
tained, to perform the steps of: 

50 

a) counting the number of times of operation of said continuity maintaining part; and 

b) displaying the number of times counted in the step a). 

10. The recording medium as claimed in claim 9 in which a software program is also recorded, said program causing 
55 said information recording system to perform the step of: 

c) recording the number of times counted by said step a) onto the optical disk. 
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11. The recording medium as claimed in claim 9 in which a software program is also recorded, said program causing 
said information recording system to perform the step of: 

c) selecting as to whether or not said continuity maintaining part is made operate. 

12. The recording medium as claimed in claim 9 in which a software program is also recorded, said program causing 
said information recording system to perform the step of: 

c) displaying a picture for a user to select as to whether or not said continuity maintaining part is made operate. 

13. The recording medium as claimed in claim 9 in which a software program is also recorded, said program causing 
said information recording system to perform the step of: 

c) displaying a picture for a user to select as to whether or not the number of times counted in said step a) is 
15 recorded onto the optical disk. 

14. The recording medium as claimed in claim 9 in which a software program is also recorded, said program causing 
said information recording system to perform the step of: 

20 c) performing test recording onto the optical disk with a reduced power of recording light, before regular re- 

cording, wherein, when buffer under-run occurs during the test recording, this matter is displayed. 

15. The recording medium as claimed in claim 14 in which a software program is also recorded, said program causing 
said information recording system to perform the step: 

25 

d) interrupting the test recording when buffer under-run occurs. 

16. An information recording device comprising: 

30 a recording part (101) which records data onto a recording medium at a recording rate selected from a plurality 

of recording rates; 

a pausing/restarting part (102) which pauses the recording based on a predetermined condition occurring 
during the recording, and restarts recording in a manner such that continuity with data recorded immediately 
before the pause is maintained; 
35 a counting part (103) which counts the number of times of pausing/restarting operation of said pausing/re- 

starting part; 

a storing part (1 04) which stores the number of times counted by said counting part in a manner such that the 
number of times is related to the recording rate used when the pausing/restarting operation is performed. 

40 17. The information recording device as claimed in claim 16, wherein: 

said pausing/restarting part determines whether or not buffer under-run is likely to occur based on a stored 
amount of data to be recorded onto the recording medium; 
pauses the recording when determining that buffer under-run is likely to occur; 
45 determines whether or not the situation of buffer under-run being likely to occur has been got rid of, based on 

the stored amount of data to be recorded; and 

restarts recording upon determining that the situation of buffer under-run being likely to occur has been got 
rid of. 

so 18. The information recording device as claimed in claim 17, wherein: 

said storing part stores the number of times of pausing/restarting operation in a manner such that the number 
of times of pausing/restarting operation performed upon determination of buffer under-run being likely to occur 
based on the stored amount of data to be recorded is distinguishable from the number of times of pausing/ 
55 restarting operation performed by another reason. 

19. The information recording device as claimed in claim 16, further comprising a setting part by which the recording 
rates to be used and the recording time interval for which recording is performed at each of said recording rates 
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can be set freely. 

20. The information recording device as claimed in claim 16, further comprising an outputting part (107) calculating, 
based on the number of times of pausing/restarting operation with respect to the recording rate, a measured time 

5 and a theoretical time required for the recording, the total recorded data amount, the total number of times of 

avoiding buffer under-run, average number of times of avoiding buffer under-run and the maximum number of 
avoiding buffer under-run for unit data recording amount, for each recording rate, and outputting them. 

21. The information recording device as claimed in claim 20, wherein said outputting part further outputs identification 
10 information of a data transfer source for the data recording, and the total data transferred amount for each recording 

rate. 

22. The information recording device as claimed in claim 16, wherein: 



15 



20 



50 



when a plurality of recording rates are selected, a study for a vacant area of a trial writing area of the recording 
medium is made as to whether or not processing of obtaining an optimum recording rate from the selected 
plurality of recording rates can be performed; and 

when the processing can be performed, the processing is performed, and, when no optimum recording rate 
could be obtained therefrom, an advise is output such as to stop the recording, or lower the recording rate. 

23. An information recording method comprising the steps of: 



a) recording data onto a recording medium at a recording rate selected from a plurality of recording rates; 

b) pausing the recording based on a predetermined condition occurring during the recording, and restarting - 
25 recording in a manner such that continuity with data recorded immediately before the pause is maintained; 

c) counting the number of times of pausing/restarting operation in said step b); 

d) storing the number of times counted in said step c) in a manner such that the number of times is related to 
the recording rate used when the pausing/restarting operation is performed. 

30 24. The information recording method as claimed in claim 23, wherein: 

said step b) comprises the steps of: 

b1 ) determining whether or not buffer under-run is likely to occur based on a stored amount of data to be 
35 recorded onto the recording medium; 

b2) pausing the recording when determining that buffer under-run is likely to occur; 

b3) determining whether or not the situation of buffer under-run being likely to occur has been got rid of, 

based on the stored amount of data to be recorded; and 

b4) restarting recording upon determining that the situation of buffer under-run being likely to occur has 
40 been got rid of. 

25. The information recording method as claimed in claim 24 wherein: 

said step d) stores the number of times of pausing/restarting operation in a manner such that the number of 
45 times of pausing/restarting operation performed upon determination of buffer under-run being likely to occur 

based on the stored amount of data to be recorded is distinguishable from the number of times of pausing/ 
restarting operation performed by another reason. 



26. The information recording method as claimed in claim 23, further comprising the step e) freely setting the recording 
rates to be used and the recording time interval for which recording is performed at each of said recording rates. 



27. The information recording method as claimed in claim 23, further comprising the step e) calculating, based on the 
number of times of pausing/restarting operation with respect to the recording rate, a measured time and a theo- 
retical time required for the recording, the total recorded data amount, the total number of times of avoiding buffer 

55 under-run, average number of times of avoiding buffer under-run and the maximum number of avoiding buffer 

under-run for unit data recording amount, for each recording rate, and outputting them. 

28. The information recording method as claimed in claim 27, wherein said step e) further outputs identification infor- 
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mation of a data transfer source forthedata recording, and the total data transferred amount for each recording rate. 

29. The information recording device as claimed in claim 16, wherein: 

5 when a plurality of recording rates are selected, a study for a vacant area of a trial writing area of the recording 

medium is made as to whether or not processing of obtaining an optimum recording rate from the selected 
plurality of recording rates can be performed; and 

when the processing can be performed, the processing is performed, and, when no optimum recording rate 
could be obtained therefrom, an advise is output such as to stop the recording, or lower the recording rate. 

w 

30. An information recording system comprising a host apparatus (110) and an information recording device (120) 
connected together for data communication therebetween, wherein: 

said host apparatus comprises: 

15 

a recording and pausing/restarting part (111) which causes said information recording device to record 
data onto a recording medium at a recording rate selected from a plurality of recording rates, pause the 
recording based on a predetermined condition occurring during the recording, and restart recording in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
20 a counting part (112) which counts the number of times of pausing/restarting operation of said recording 

and pausing/restarting part; 

a storing part (113) which stores the number of times counted by said counting part in a manner such that 
the number of times is related to the recording rate used when the pausing/restarting operation is per- 
formed. 

25 

31. The information recording system as claimed in claim 30, wherein: 

said recording and pausing/restarting part determines whether or not buffer under-run is likely to occur based 
on a stored amount of data to be recorded in said information recording device onto the recording medium; 
30 pauses the recording when determining that buffer under-run is likely to occur; 

determines whether or not the situation of buffer under-run being likely to occur has been got rid of based on 
the stored amount of data to be recorded; and 

restarts recording upon determining that the situation of buffer under-run being likely to occur has been got 
rid of. 

35 

32. The information recording system as claimed in claim 31, wherein: 

said storing part stores the number of times of pausing/restarting operation in a manner such that the number 
of times of pausing/restarting operation performed upon determination of buffer under-run being likely to occur 
40 based on the stored amount of data to be recorded is distinguishable from the number of times of pausing/ 

restarting operation performed by another reason. 

33. The information recording system as claimed in claim 30, wherein said host apparatus further comprises a setting 
part (1 1 5) by which the recording rates to be used and the recording time interval for which recording is performed 

^5 at each of said recording rates can be set freely. 

34. The information recording system as claimed in claim 30, said host apparatus further comprises an outputting part 
(116) calculating, based on the number of times of pausing/restarting operation with respect to the recording rate, 
a measured time and a theoretical time required for the recording, the total recorded data amount, the total number 

so of times of avoiding buffer under-run. average number of times of avoiding buffer under-run and the maximum 

number of avoiding buffer under-run for unit data recording amount, for each recording rate, and outputting them. 

35. The information recording system as claimed in claim 34, wherein said outputting part further outputs identification 
information of a data transfer source for the data recording, and the total data transferred amount for each recording 

55 rate. 

36. The information recording system as claimed in claim 30, wherein: 
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said host apparatus further comprises a functional part by which, when a plurality of recording rates are se- 
lected, a study for a vacant area of a trial writing area of the recording medium is made as to whether or not 
processing of obtaining an optimum recording rate from the selected plurality of recording rates can be per- 
formed; and 

when the processing can be performed, the processing is performed, and, when no optimum recording rate 
could be obtained therefrom, an advise is output such as to stop the recording, or lower the recording rate. 

37. A computer readable recording medium in which an information recording processing program is recorded, said 
program causing a computer to perform: 



a recording function of recording data onto another recording medium at a recording rate selected from a 
plurality of recording rates; 

a pausing/restarting function of pausing the recording based on a predetermined condition occurring during 
the recording, and restarting recording in a manner such that continuity with data recorded immediately before 
15 the pause is maintained; 

a counting function of counting the number of times of execution of pausing/restarting operation by said paus- 
ing/restarting function; 

a storing function of storing the number of times counted by said counting function in a manner such that the 
number of times is related to the recording rate used when the pausing/restarting operation is performed. 



38. The recording medium as claimed in claim 37, wherein: 



said pausing/restarting function has a function of determining whether or not buffer under-run is likely to occur 
based on a stored amount of data to be recorded onto the other recording medium; 
25 pausing the recording when determining that buffer under-run is likely to occur; 

determining whether or not the situation of buffer under-run being likely to occur has been got rid of, based 
on the stored amount of data to be recorded; and 

restarting recording upon determining that the situation of buffer under-run being likely to occur has been got 
rid of. 



39. The recording medium as claimed in claim 38, wherein: 



said storing function has a function of storing the number of times of pausing/restarting operation in a manner 
such that the number of times of pausing/restarting operation performed upon determination of buffer under- 
35 run being likely to occur based on the stored amount of data to be recorded is distinguishable from the number 

of times of pausing/restarting operation performed by another reason. 

40. The recording medium as claimed in claim 37, wherein said program causes said computer to further perform a 
setting function by which the recording rates to be used and the recording time interval for which recording is 

40 performed at each of said recording rates can be set freely. 

41. The recording medium as claimed in claim 37, wherein said program causes said computer to further perform an 
outputting function of calculating, based on the number of times of pausing/restarting operation with respect to the 
recording rate, a measured time and a theoretical time required for the recording, the total recorded data amount, 

45 the total number of times of avoiding buffer under-run, average number of times of avoiding buffer under-run and 

the maximum number of avoiding buffer under-run for unit data recording amount, for each recording rate, and 
outputting them. 

42. The recording medium as claimed in claim 41 , wherein said outputting function further has a function of outputting 
50 identification information of a data transfer source for the data recording, and the total data transfer amount for 

each recording rate. 

43. The recording medium as claimed in claim 37, wherein said program causes the computer to further perform 
functions such that: 



when a plurality of recording rates are selected, a study for a vacant area of a trial writing area of the other 
recording medium is made as to whether or not processing of obtaining an optimum recording rate from the 
selected plurality of recording rates can be performed; and 
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when the processing can be performed, the processing is performed, and, when no optimum recording rate 
could be obtained therefrom, an advise is output such as to stop the recording, or lower the recording rate. 

44. An information recording/reproducing system comprising: 

a restarting part (220) which restarts recording onto a recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding part (222) which holds the number of times of execution of the operation performed by said 
restarting part; and 

a reporting part (211) which reports the number of times held by said number holding part at any time. 

45. An information recording/reproducing system comprising: 

a restarting part (220) which restarts recording onto a recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding part (222) which holds the number of times of execution of the operation performed by said 
restarting part; and 

a reporting part (211) which reports the number of times held by said number holding part each time a used 
amount of a temporarily storage part (222) which temporarily stores therein data to be recorded onto the 
recording medium is studied. 

46. An information recording/reproducing system comprising: 

a restarting part (220) which restarts recording onto a recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding part (222) which holds the number of times of execution of the operation performed by said 
restarting part; and 

a reporting part (211) which reports the number of times held by said number holding part when a disorder is 
detected in interval of generation of data writing command during recording onto the recording medium. 

47. An information recording/reproducing system comprising: 

a restarting part (220) which restarts recording onto a recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding part (222) which holds the number of times of execution of the operation performed by said 
restarting part; and 

a reporting part (211) which reports the number of times held by said number holding part after a used amount 
of a temporarily storage part (222) which temporarily stores therein data to be recorded onto the recording 
medium becomes lower than a predetermined amount. 

48. An information recording/reproducing system comprising: 

a restarting part (220) which restarts recording onto a recording medium after the recording is paused, in a 
manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding part (222) which holds the number of times of execution of the operation performed by said 
restarting part; and 

a reporting part (211 ) which reports the number of times held by said number holding part after a used amount 
of a temporarily storage part (222) which temporarily stores therein data to be recorded onto the recording 
medium becomes lower than a predetermined amount, and further, an elapse of a sufficient time interval for 
performing operation by said restarting part and updating the number of times of execution held by said holding 
part is detected . 

49. An information recording/reproducing method comprising the steps of: 

a) restarting recording onto a recording medium after the recording is paused : in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in said step a); and 

c) reporting the number of times held in said step b) at any time. 
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50. An information recording/reproducing method comprising the steps of: 

a) restating recording onto a recording medium after the recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in said step a); and 

c) reporting the number of times held in said step b) each time a used amount of a temporarily storage part 
which temporarily stores therein data to be recorded onto the recording medium is studied. 

51. An information recording/reproducing method comprising the steps of: 

a) restarting recording onto a recording medium after the recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in said step a); and 

c) reporting the number of times held in said step b) when a disorder is detected in interval of generation of 
data writing command during recording onto the recording medium. 

52. An information recording/reproducing method comprising the steps of: 

a) restarting recording onto a recording medium after the recording is paused : in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in said step a); and 

c) reporting the number of times held in said step b) after a used amount of a temporarily storage part which 
temporarily stores therein data to be recorded onto the recording medium becomes lower than a predetermined 
amount. 

53. An information recording/reproducing method comprising the steps of: 

a) restarting recording onto a recording medium afterthe recording is paused, in a manner such that continuity 
with data recorded immediately before the pause is maintained; 

b) holding the number of times of execution of the operation performed in said step a); and 

c) reporting the number of times held in said step b) after a used amount of a temporarily storage part which 
temporarily stores therein data to be recorded onto the recording medium becomes lower than a predetermined 
amount, and further, an elapse of a sufficient time interval for performing operation by said restarting part and 
updating the number of times of execution held by said holding part is detected . 

54. A computer readable recording medium in which a software program is recorded, said program causing a computer 
to perform: 

a restarting function of restarting recording onto another recording medium afterthe recording is paused, in 

a manner such that continuity with data recorded immediately before the pause is maintained; 

a number holding function of holding the number of times of execution of said restarting function; and 

a reporting function of reporting the number of times held by execution of said number holding function at any 

time. 

55. A computer readable recording medium in which a software program is recorded, said program causing a computer 
to perform: 

a restarting function of restarting recording onto another recording medium afterthe recording is paused, in 

a manner such that continuity with data recorded immediately before the pause is maintained; 

a number holding function of holding the number of times of execution of said restarting function; and 

a reporting function of reporting the number of times held by execution of said number holding function each 

time a used amount of a temporarily storage part which temporarily stores therein data to be recorded onto 

the other recording medium is studied. 

56. A computer readable recording medium in which a software program is recorded, said program causing a computer 
to perform: 

a restarting function of restarting recording onto another recording medium after the recording is paused, in 
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a manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding function of holding the number of times of execution of said restarting function; and 
a reporting function of reporting the number of times held by execution of said number holding function when 
a disorder is detected in interval of generation of data writing command during recording onto the other re- 
5 cording medium. 

57. A computer readable recording medium in which a software program is recorded, said program causing a computer 
to perform: 

10 a restarting function of restarting recording onto another recording medium after the recording is paused, in 

a manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding function of holding the number of times of execution of said restarting function; and 
a reporting function of reporting the number of times held by execution of said number holding function after 
a used amount of a temporarily storage part which temporarily stores therein data to be recorded onto the 

15 other recording medium becomes lower than a predetermined amount. 

58. A computer readable recording medium in which a software program is recorded, said program causing a computer 
to perform: 

20 a restarting function of restarting recording onto another recording medium after the recording is paused, in 

a manner such that continuity with data recorded immediately before the pause is maintained; 
a number holding function of holding the number of times of execution of said restarting function; and 
a reporting function of reporting the number of times held by execution of said number holding function after 
a used amount of a temporarily storage part which temporarily stores therein data to be recorded onto the 

25 other recording medium becomes lower than a predetermined amount, and further, an elapse of a sufficient 

time interval for performing operation by ^aid restarting part and updating the number of times of execution 
held by said holding part is detected . 
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